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(54) LENS AND METHOD FOR DESIGNING OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to 
determine the parameters of a lens system and optical 
system which facilitate actual manufacture by making an 
overall evaluation function obtd. by adding an evaluation 
function in the state of containing errors to the 
evaluation function of an errorless state relating to the 
plural parameters and determining the variable to 
minimize the same. 

SOLUTION: A state SO is an ideal state (errorless state) 
in which an impartation error is not given and the 
evaluation function is determined as E0. The state that 
the error +6 is added to the parameter Pi in addition 
thereto is S1 (error state) and the evaluation function is 
determined as El. A state S2 is the state added with the 
error of -5 to the same parameter Pi and the evaluation 
function is determined as E2. If the parameter Pi is 
handled as the variable, the parameter Pi in the three 
states is Pi, Pi±5 and varies. The other parameters are 
commonly changed. The values of all the variables are 
determined and a wave front aberration or beam aberration, etc., are determined. The value of 
the overall evaluation function = ZWKEK is calculated and the set of such variables as to 
minimize E is determined. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the condition SO that it is without error about all the optical parameters that determine optical system Performance 
index EO over a parameter group The condition Si that the error of error **derta is in at least one optical parameter. S2 The 

performance index E1 over — . and E2 Performance-index E=wO E0+w1 El+w2 E2 which applied suitable weight and added 

=sigmawkEk The design approach of of the lens and optical system which are characterized by asking for the group of an optical 
parameter which makes and makes this min. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bi^ 2005/08/1 1 



JP.1 1-316338.A [DETAILED DESCRIPTION] 



1/13 y<—i> 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — manufacture — it is related with the design approach of an easy lens or optical system. 
In case a lens system etc. is designed, the value of all the optical parameters that form an optical equation, solve this with a 
certain means, and determine a lens system is calculated. This needs to evaluate whether it is a suitable solution. A thing called 
a performance index is used for evaluation. This pursues a beam of light and is the sum of the square of some errors in each 
point, such as a position error, wave aberration, etc. in the image point The error as the whole is so small that this is small. It 
comes out, and since it is, let this be a design value in quest of the parameter which makes a performance index min. Since it is 
the function by which the quality of a design value can be evaluated, it is called a performance index. The design value which 
makes a performance index min should give the most excellent engine performance. 

[0002] However, there is a manufacture error in fact. As a design value, it cannot make because of an error, then, the minimum — 
- if an error is not less than [ this ], it will decide the range of the maximum error of being bad to give the engine performance of 
only this. It is tolerance with error. This is tolerance (TOLERANCE). However the engine performance when the ability to 
manufacture as a design value may be excellent, manufacture is difficult when tolerance is small. It is important to find the group 
of the parameter that the design engine performance is also excellent and tolerance is large, this invention — larger manufacture 
of tolerance — it aims at giving the design approach of easy optical system. 

[0003] The vocabulary is described. Although there are various things in the parameter which defines a lens and optical system, 
when designing, this invention explains that there are two side faces in the way of being treated. One side face is that there are a 
parameter treated as a variable on the computation of optimization when designing the lens and optical system which have a 
desired property, and a parameter treated as a constant. When considering the optical system constituted with two or more 
lenses, computation which calculates the optimal value so that parameters, such as thickness of each lens, radius of curvature of 
each side, and spacing between each lens, may satisfy the engine performance of the purpose is performed. The parameter of 
other constants which do not turn into a variable at this time maintains a fixed value with a fixed value. For example, they are 
treated as a constant the case of the distance from the light source to a lens, the thickness and the curvature (= 0) of a window 
or the configuration of some lenses, and the distance between lenses being fixed to a default. Since the number of sheets of 
physical-properties values decided by the quality of the material of a lens, such as a refractive index and distribution, or a lens 
cannot usually change a value as a variable during count of optimization, it is not a variable but a constant (treated as a 
prerequisite of computation.). It is possible to change the quality of the material and number of sheets as modification of a 
prerequisite. 

[0004] Another side face is the parameter which gives an endowment error, and a parameter which is not so, as stated later. The 
word endowment "error" is the fundamental thought of this invention, and describes the semantics later. It is not a well-known 
concept. It is a completely new concept. However, since it is convenient behind after if you describe the class of parameter here, 
the partition of the parameter by the endowment error is also explained beforehand. When all parameters manufacture it after a 
design, they will surely have a manufacture error to some extent. Even if an optimum value is calculated as mentioned above, 
when the parameter used as variables, such as thickness of a lens, radius of curvature, and lens spacing, is actually 
manufactured, it will have a thickness error, a radius-of-curvature error, and a lens spacing error. On the other hand, the 
parameter treated as a constant has an error similarly. The heterogeneity of the wedge (****) of a lens, DISENTA (axial gap, 
eccentricity), a tilt (inclination), profile irregularity (distortion of a field), and a refractive index etc. is a parameter with which a 
manufacture error is expressed purely, and. generally a design top is a parameter with which it will be the requisite that it is 
completely zero. In this invention, the parameter with which a manufacture error influences optical-character ability greatly is 
selected from all these parameters, an endowment error is positively given to the parameter, and optimization processing is 
performed. The parameter which gives an endowment error may be a parameter treated as a design top variable, or may not be 
so. Moreover, you may be parameters with which an error is expressed from the first, such as a wedge and DISENTA. The 
parameter which was able to give the endowment error will usually have three values. If endowment error **delta was given to 
the value P of a certain parameter, the parameter has three values of maximum P+delta and minimum value P-delta with central 
value P. Even if this parameter is a constant and it is a variable, there is no difference in how to give an endowment error. If the 
value of a variable changes during optimization count, an endowment error will be given on the basis of the new value. For 
example, the thickness of a certain lens is a variable, and if the value of the thickness was 10mm in the middle of optimization 
computation when giving it a **0.5mm endowment error, the thickness is treated noting that it has three values, the central value 
of 10mm, maximum 10mm+0.5mm=1 0.5mm, and minimum value 1 0mm0-0.5mm-9.5mm. Even if computation progresses and the 
value of thickness changes to 1 1 mm, the **0.5mm same endowment error is given, and it is treated noting that it has three 
values. 1 1mm. 1 1.5mm. and 10.5mm, at the time. In the sense of more than, a parameter can be classified into four according to 
this invention. 

1. Parameter which is variable and gives endowment error. 

2. Parameter which is constant and gives endowment error. 

3. Parameter which is variable and does not give endowment error. 

4. Parameter which is constant and does not give endowment error. 
[0005] 

[Description of the Prior Art] Dra w ing 1 explains the outline of the design approach of optical system. In order to design the 
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optical system which consists of a lens system, initial value must be determined about parameters, such as configuration 
selection of the ingredient (a refractive index, distribution, absorption coefficient) of a lens, the number of sheets of a lens, the 
spherical surface, the aspheric surface, etc.. and relative arrangement (distance between lenses, lens image surface distance) of 
a lens. It determines whether to calculate a solution by making what into a variable in those parameters again. This is a setup of 
a basic configuration. In addition, there are some constraints, such as a dimension of the wavelength of the light source, the 
thickness of a lens, an ingredient, and the whole. Conditions which stand the formula which gives the refraction in respect of a 
lens in consideration of these constraints, and give a desired output are imposed, and the solution of variables, such as thickness 
of a lens, curvature, an aspheric surface multiplier, and spacing, is calculated by count. That is. the value of the variable which 
solved the equation is a solution and the set of a solution can define optical system. 

[0006] However, the equation which gives many case predetermined purposes can be abstract, and a solution cannot be given 
uniquely. Even if there is a constraint the number of formulas is insufficient, and there are many solutions. Moreover, the 
equation itself is nonlinear, and since there are also many variables which determine the lens itself when using an aspheric lens, 
most cannot solve these equations analytically. In that case, various approximate expressions are used, or beam-of-light analysis 
is made, and a solution is calculated about the variable of optical system. Many approximate solutions are also possible. There is 
a solution with which are satisfied of the formula which gives the desired refraction and the reflection by the lens and the mirror 
often innumerably, and a suitable parameter is hardly given [ of one solution ] immediately. Although many solutions can be found, 
it is necessary to find the group of the future most suitable solution. 

[0007] A thing called a performance index is considered as a function for judging whether a solution is suitable. Generally this 
adds a square with error. Since the one where an error is smaller is generally highly efficient this can estimate the engine 
performance of a product It can also ask for a variable according to the conditions of furthermore making a performance index 
into min. By this invention, a performance index attaches suitable weight and it adds the square of the optical error (aberration) 
in some points of the image surface. Of course, there are many classes of aberration. Among those, the optical error (aberration) 
of a suitable class is adopted and a performance index is defined. The optical-system performance index containing a lens adopts 
wave aberration as an error of a performance index. Or gap (beam-of-light aberration) of the beam of light in the testing point of 
the image surface may be used as an error. The error of a performance index adopts a suitable thing at any time. 
[0008] Drawing 2 shows drawing which a plane wave converges with a lens and carries out image formation to one point 
Although a wave front is a flat surface in a plane wave, if extracted with a lens, a wave front will turn into the spherical surface. 
However, it may not become a strict spherical wave in fact. It is shown in drawing 3 . An ideal wave front and an actual wave 
front cross. This difference is wave aberration. An image shifts from a perfect circle at an image formation point for wave 
aberration. Moreover, it separates from the case where the diameter of a spot is ideal. The inconsistency of roundness is also a 
kind with error. The difference in the diameter of a spot is also an error. Therefore, these errors are also employable as an error 
of a performance index. 

[0009] The aberration generated by the solution which asked for the point is searched for, a performance index is made and the 
value of a performance index is calculated. The value is evaluating the validity of a solution. The value of a performance index is 
calculated from some solutions. Among those, let the group of the solution which makes a performance index min be an optimum 
design value. This is called optimization count, for example, aberration coefficient sj ** — what is said — assuming — the 
desired value — sjO and weight — wj ** — carrying out — a performance index phi — phi=sigma wj 2 (sj-sj0) ** — it may carry 
out A performance index is defined as a square error of aberration, and this is minimized. Thus, it is an original performance index 
to put into a performance index in quest of a solution from an optical equation, and to evaluate a solution. 
[0010] However, a solution may be calculated by the performance index from the start, without calculating a solution from an 
optical equation. Initial value with optical-system variables (a refractive index, thickness, curvature, aspheric surface multiplier, 
etc.) is given, the performance index of this is searched for, a slight change is given to a variable from initial value, the 
performance index of that is searched for, and there is also an asymptotic method of giving change of a variable in the direction 
in which a performance index decreases, and going to it If the concrete value of an optical variable is assumed, ray tracing can 
be carried out and beam-ofHight aberration and wave aberration will become computable. The performance index which 
calculates wave aberration, beam-of-light aberration, etc.. and is made to constitute from the result from errors, such as wave 
aberration and beam-of-light aberration, is calculated to initial value, since it does not solve, a solution is begun and it assumes, 
ray tracing is possible. And slight **** is given to initial value, ray tracing is carried out similarly, and a performance index is 
calculated in quest of wave aberration, beam-of-light aberration, etc. Thus, a solution is assumed one after another and a 
performance index estimates the quality. 

[001 1] In this way, it asks for the group of the variable which makes a performance index min. This is optimization count 
Simulation of saying [ ? ] what what next happens to the aberration of a beam of light or a wave front with this value, or happens 
to the configuration of a spot in each point is carried out. Since the optimal design value was decided, a parameter can be shifted 
from a design value and the performance degradation from an ideal condition is investigated. The maximum error of the range 
which can permit degradation is searched for as tolerance. This is tolerance analysis. The basic configuration setup so far. 
optimization count, simulation, tolerance analysis, etc. are optical designs. 

[0012] Then, based on the result searched for, optical system is actually produced. And the engine performance is actually 
investigated. This is prototype evaluation. The viewpoint of the actual engine performance, the manufacturing cost, the ease of 
making, etc., etc. estimates a product. The approach by the performance index has chosen the value only on the basis of the 
engine performance, and neither cost nor the ease of making is taken into consideration. Therefore, prototype evaluation is 
indispensable. 

[0013] When a satisfying thing is not obtained by prototype evaluation, it returns first and redoes from the phase of a basic 
configuration setup. The same thing is repeated and. finally it asks for the group of the optimal variable value (optimum solution). 
Since the same process to this phase is repeated, a development cycle will become long if there are many counts of a repeat 
Development costs increase. It is not desirable. I want to ask for the optimal quicker variable. 
[0014] 

[Problem(s) to be Solved by the Invention] Not only aberration but cost and manufacture nature must take evaluation of the 
engine performance of a lens system into consideration. calculated in the conventional appraisal method as it is the 

optimal — not necessarily — manufacture — it is not necessarily easy. The variable of the called-for lens should give the thing 
of the optimal engine performance, if it is realized. This is called the design engine performance. However, since there is a 
manufacture error in a variable and a parameter in fact a thing as predicted is not made. The engine performance in which it is 
actual for a manufacture error is lower than the design engine performance. 
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[0015] The word "engine performance" is defined here. Although there are various properties in optical system, the language 
called engine performance is used as a set of each property. Although each property is measurable, since the engine 
performance is the set naturally it is immeasurable. The engine performance is immeasurable unless it is decided which will think 
which as important among properties and will be made light of. Since the weight of a property is decided suitably, it is possible 
that the engine performance as a set property is measurable here. Then, it considers as the integrative variable which can 
measure the engine performance here. 

[0016] Each property is decided with the parameter of optical system, and a variable. It is numerous although it becomes 
variables, such as thickness of a lens, curvature on the rear face of surface, a multiplier of a curved surface, and distance 
between lenses. A design is deciding the optimum value of these variables for the predetermined purpose. The thing of the 
variable which fills an equation is only called a "solution" here. When there is a solution about each variable and the set of a 
solution is given, I hear that the design was made and it is. 

[0017] The solution to can be found by forming an equation about a variable which there is the predetermined purpose in optical 
system and attains this, and solving an equation. However, since there are often few equations than the number of variables, 
there are many groups of a solution which satisfy an equation. That is, since there are few constraints, there are a lot of solution 
sets. It comes out. and since it is. a design is not finished only as calculating the solution to. The still more nearly optimal group 
must be found out from the set of the solution which may be in infinity. This is not decided only from the equation which gives 
predetermined effectiveness. Regardless of each optical equation, the group of an optimum value is rather decided from a 
separate viewpoint in many cases. 

[0018] A means for that is a performance index. It is excellent [ the engine performance ] to say the square of optical errors, 
such as beam-ofHight aberration and the optical path difference, that this is small, although total is taken in each point. As for 
the current performance index, emphasis is put on evaluation of aberration. That is. the solution which makes aberration min is 
decided by the performance index noting that the ** value of a variable is known, since aberration is gap of the actual engine 
performance from the engine performance when the optical system attains the predetermined purpose completely, aberration 
estimates a solution — a take-in — but it comes out. That is. since the solution which evaluates the engine performance and 
gives best performance is chosen from the countless solution as that in which even free excelled, it is a direct appraisal method. 
[0019] However, it was not evaluated from a viewpoint of a manufacture ease. If the configuration of the lens given by the group 
of an optimum value can actually be made, though the engine performance which was excellent only in it will be obtained, since 
there is surely a manufacture error in manufacture of components, the engine performance falls for a manufacture error. It often 
occurs that the engine performance will fall remarkably although the manufacture errors of a certain parameter are few [ fatal 
and ] manufacture errors. If it does so, attention must be paid so that a manufacture error may be especially lessened about the 
parameter. Since there is a manufacture error even if careful, it is necessary to make into a rejection the product which is not in 
the error range which can be inspected and permitted. Then, the yield becomes high cost low. 

[0020] Drawin g 4 is the graph with which the optical-system variable was taken along the axis of abscissa, and it took the engine 
performance downward [ axis-of-ordinate ]. Although there are many optical variables which opt for the engine performance, 
since it is easy, they are set only to one. Measuring is made possible although the engine performance is also abstract. If a 
variable is made to **** rightward which will lower a performance index if a RO point is made into initial value when calculating 
an optimum solution using a performance index for example, it will result in the Ha point. Since this gives the minimum of a 
performance index, it will be said that it is an optimum solution. However, it results in the HO point which changes initial value, 
then a variable for a NI point little by little, and makes a performance index min. This is an optimum solution. If a CHI point is 
made into initial value, a variable will be changed little by little and it will result in a TO point. This will call it an optimum solution. 
Thus, since there are many variables and there are few constraints and refraction conditions, there are many optimum solutions 
calculated by performance-index min. And it depends for an optimum solution on initial value. Then, it will be said that selection 
of initial value is important. However, there is no method of getting to know the optimal initial value. 

[0021] I hear that only the engine performance does not come out and another problem has decided the superiority or inferiority 
between optimum values. If it says from the engine performance, the HO point is superior to the TO point. However, the HO point 
is a very narrow trough. Performance degradation is remarkable even if there are few manufacture errors, when a HO point is 
decided on. A TO point is inferior to a HO point in the engine performance. However, since it is in a large trough, when a design 
value is decided to be a TO point, even if there is a remarkable manufacture error, the engine performance does not fall. When 
initial value is furthermore in RO, the optimum value which lowered the performance index and reached becomes the Ha point. 
The manufacture error-engine-performance relation in the Ha point is still looser. When actually manufacturing optical system, a 
certain manufacture error sticks and it is difficult to make the thing of the desired engine performance very much, since it is a 
thing, and tolerance is small when a HO point is made into a design value, in contrast — since there is no performance 
degradation not much even if there are some manufacture errors when a TO point is made into a design value — manufacture — 
it is easy. Since an allowable error, i.e., tolerance, is small, a HO point is difficult to manufacture, since a TO point and the Ha 
point have large tolerance — manufacture — it is easy, manufacture — it is better to make into a design value the TO point that 
tolerance is larger than the HO point that the engine performance is most excellent if it says from a viewpoint referred to as 
easy, and the Ha point. 

[0022] In what kind of optimum value it resulting and ? are based on initial value. However, it is dependent also on the sequence 
how for it not to be based only on initial value but to move a variable from initial value. It results in the minimum point which is 
different when the sequence of changing a variable is different. There is optionality in selection of initial value and the sequence 
of variable change also has various degrees of freedom. It cannot result in the large solution to only in performance-index min. 
Manufacture is difficult, if tolerance is narrow even if it results in the solution excellent in the engine performance. 
[0023] The relation between a manufacture error and the engine performance is abstractly shown in drawing 5 . Optimum value 
xO Sometimes, the greatest engine-performance (design engine performance) RU is obtained. If there is a manufacture error from 
an optimum value, the engine performance will descend. Suppose that the minimum engine performance (reference-value engine 
performance) allowed is NUWO. The error in point NUWO to which a reference value crosses a performance curve is set to 
tolerance **delta. That is, the manufacture error e corresponding to a part for engine-performance descent permitted will call it 
tolerance **delta. Since there are many parameters which influence the engine performance, and variables, the tolerance of a 
certain parameter is large and it may be said about a certain parameter that it is small, optimum value xO from — the engine 
performance may dive to gap e= (x-xO) When such a parameter exists, even if processing about the parameter requires careful 
cautions and is careful of them, a defective comes out of it in large quantities. That is, the yield is bad and manufacture is 
difficult. 
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[0024] The talk will become intelligible if a thing, such as engine-performance descent dS/de to a unit manufacture error, is 
assumed abstractly. Unless the thing of an ideal value can do optical system in which this contains a large parameter, since the 
engine performance falls remarkably, it is not desirable in fact The effect of a manufacture error is not understood only by 
aberration estimating a solution. Then, it is given after an optimum solution is decided, the allowable error, i.e.. the tolerance, of 
each parameter. Similarly, even if thickness is the lens which is 10mm. the case where tolerance is 3 micrometers completely 
differs from the case where tolerance is 1 00 micrometers in the difficulty of the manufacture. 

[0025] If there is an optimum solution, and there is a group of the tolerance of each parameter, among those there is small 
tolerance especially, the product in accordance with the optimum solution is difficult to manufacture. There is no view that the 
difficulty of such manufacture estimates a solution in the conventional optical design evaluation. The conventional appraisal 
method makes the optimum solution the solution with the small high engine performance of aberration, without making into an 
optimum solution the solution which is actually easy to manufacture. 

[0026] the performance index which uses this invention for the conventional design approach — being different — it — 
manufacture — it can know whether it is easy and the design approach that manufacture actual as a result makes it possible to 
ask for the parameter of an easy lens system and optical system is given. 
[0027] 

[Means for Solving the Problem] The condition SO that there is no error in ail parameters The performance index E0 over a 
parameter group. The condition Si that the error of error **defta is in at least one parameter, and S2 The performance index El 

over a parameter group of — , E2 Performance-index E=w0 E0+w1 E1+w2 E2 which applied suitable weight and added 

=sigmawk Ek The optical-system design approach of this invention asks for the group of a parameter which makes and makes 
this min. The parameter which gives an error is good for manufacturing with high degree of accuracy to choose a difficult 
parameter. Endowment error **delta furthermore given to an error condition is good to make it a larger value than the usual 
manufacture error. 

[0028] Not the manufacture error that appears automatically in process of manufacture but this invention considers the 
condition S1 of having granted the error positively assumed by the parameter, S2, and — . This error will be temporarily called an 
endowment error, in order to distinguish from the former manufacture error. Moreover, it is the error condition S1 about the 
condition of including two or more endowment errors. It is called — . The condition SO of not giving an error It is called a non- 
error condition. Sum sigmawk Ek with the weight of a performance index It will be called an integrated performance index. 
[0029] Drawing 12 explains the thought of the outline of this invention. Condition SO It is in the ideal condition of not giving an 
endowment error (non-error condition). It is the performance index E0 It carries out. It is Parameter Pi besides this. The 
condition of having given error +derta is S1 (error condition). It is the performance index of this E1 It carries out. Condition S2 
The same parameter Pi It is in the condition which gave the error of -delta. It is the performance index of this E2 It carries out. 
Parameter Pi If treated as a variable, it will set in these three condition, and it is Parameter Pi. It is set to Pi and Pi **delta, and 
although it differs, other parameters are carried out in common and changed. You may make it grant an error about two or more 
parameters. In that case, S3 and S4 Many conditions and performance indices E3. E4. and — , such as — , are made. The value of 
all variables is decided, wave aberration or beam-of-light aberration is searched for. and it is integrated performance-index 
E=sigma wk Ek. A value is calculated and it asks for the group of a variable with which E becomes min. This is optimization count. 
The variable which calculates E by giving the group of a suitable variable as initial value, and searching for aberration, is made to 
carry out minute change of the variable, and makes E min is decided. 

[0030] A result is estimated that an optical variable is called for. This is performance analysis and tolerance analysis. This 
invention is the condition S1 of having granted the error, and S2. Since a variable is optimized so that the integrated performance 
index of — which added the performance index may be made into min. tolerance becomes large about the parameter which gave 
the endowment error. Since tolerance is large, manufacture becomes easy. Productivity can go up and a manufacturing cost can 
also be reduced. 
[0031] 

[Embodiment of the Invention] This invention designs optical system by asking for the variable which builds an integrated 
performance index in addition to the performance index which is without error in the performance index about some of optical 
parameters supposing the condition of having granted the error purposely, and minimizes it. it — tolerance — it can extend — 
manufacture — it becomes easy. 

[0032] (1) The parameters which grant an endowment error are the following parameters, for example. 

- The multiplier and profile irregularity of the radius of curvature and the aspheric surface of each field (distortion of a field) 

- They are main thickness, lens spacing, a refractive index, refractive-index heterogeneity, wedge tilt DISENTA, etc. When an 
optical element contains not only a lens but a mirror and other components, those optical parameters are also taken into 
consideration. The condition of having chosen one or more from these parameters, and having granted the error is assumed. 
What is necessary is just to choose the parameter with which especially manufacture precision is demanded severely. 
[0033] (2) As for error **delta which should be granted, a suitable value is set up after taking manufacture precision into 
consideration. It is desirable to consider as the value beyond the usual manufacture error. Although it is the thing of the actual 
error generated by chance and is a random variable when manufacturing, it is the semantics of the values (2 sigma values etc.) of 
the error which may be generated here in the average or probability which exists statistically which is called manufacture error. 
The endowment error delta is a small condition S1 and S2 Since it will be pulled by the condition and a variable with a 
performance index small about the condition will be chosen if it is made — , tolerance seldom spreads. However, when the 
endowment error delta is too large, it is SO, S1 . and S2. — Since the difference between conditions becomes large too much, the 
value of an integrated performance index does not fall. It is necessary to choose the suitable endowment error delta. 

[0034] (3) Give initial value to all parameters. This may be the thing of extent of being close to the value to which the value with 
which are satisfied of an optical equation is not told to. but it satisfies optical to some extent. The optimum value which can 
reach from it with initial value is influenced. It asks for the variable which changes the value of a variable in the direction in which 
a performance index decreases from initial value little by little, and makes a performance index min. 

[0035] By optimization, when a performance index E does not become small enough, the engine performance is still inadequate or 
the effect of a manufacture error means that it is strong and tolerance is too small. This can be distinguished by seeing the items 
of an integrated performance index. If wkEk/E (k= 0, 1 and 2, — ) is calculated about each condition Sk, the performance index 
about each condition has contributed to the whole integrated performance index, or [ how many ] (contribution) it can ask. If the 
contribution of wOEO is still large, it is inadequate in the engine performance. If the contribution of wOEO is low, tolerance means 
a small thing. The parameter with which tolerance is not loose can be found by whether the contribution of which condition is 



httD://www4.ipdl.nciDi.erojD/cgi-bin/tran web ceri eiie 



2005/08/11 



JP.11-316338.A [DETAILED DESCRIPTION] 



5/13 ^— V 



high. Thus, initial setting is a bad reason when a performance index E does not become small. A variable is changed in the 
direction which improves initial setting and lowers a performance index from new initial value, and repeat count of a performance 
index is performed again. 

[0036] When a performance index does not become small enough by modification of initial value, either, it minimizes changing a 
variable in the direction which makes the endowment error delta somewhat small, initializes it and reduces a performance index. 
Finally tolerance cannot become loose. By this invention, tolerance cannot necessarily be loosened at will by any cases. (The 
optical phenomena as the optical theory, i.e.. a natural phenomenon, are not necessarily reversed by this invention.) If a lens with 
the more high engine performance and optical system are desired, tolerance will become severe to some extent, the range with 
which this invention is satisfied of the desired engine performance — it is — as much as possible — tolerance — loose — 
manufacture — it works effectively as an approach of finding out an easy solution efficiently. 

(4) Error condition Sk Case [ many ] (the total K of k twice of the total I of i of Pi : K=2I) (i.e.. Pi) A performance index becomes 
complicated when a large number are chosen. Count of optimization becomes long and time amount also requires it. If they say 
that it is troubled, the result of tolerance analysis will be seen, it will limit to the parameter which poses a manufacture top 
problem, and an error will be granted. If it does so. several K of an error condition is reduced and computation time can be 
shortened. That is. I hear that a parameter as for which making a manufacture error small is not made to below the tolerance 
demanded difficultly is chosen, and it is. 

[0037] what has so far been described — even [ an endowment error ] — ******** — two error conditions were given. Error 
condition Sk The following means can also be taken, in order to reduce a number and to extend tolerance moreover. It is the 
approach of including two different endowment errors in one error condition, for example, parameter Pi Parameter Pj choosing — 
error condition SI Pi ******** — +deltai and Pj ******** — +dertaj ** — carrying out — error condition S2 Pi ******** - 
deltai and Pj -deltaj ** — it can carry out. It is referred to as S1 (+deltai and +dertaj) and S2 (-deltai and -deltaj). When it carries 
out like this, the number of error conditions with two of the class of endowment error is also two. The condition of (-deltai and 
+deltaj) is excluded with that is. (+deltai and -deltaj). Since the number of error conditions can be reduced by half if it carries out 
like this, computation time can be shortened. However, it is necessary to choose the combination of the parameter which gives 
an error and to perform sign selection of an endowment error so that the effect of each error may not negate each other. For 
example, when the error of both thickness of a certain lens and thickness of other lenses is endowed with one condition, it 
offsets each other and has the influence of each error, and the performance index over the condition does not have a not much 
big value, but even if it optimizes, tolerance can seldom be extended. Or it may happen that the same is said also of radius of 
curvature, thickness and a refractive index, and radius of curvature. In such a case, it is required to choose so that the 
combination of the sign (+ or -) of an endowment error may be changed, and the effect of each error may not be offset but it 
may suit in slight strength. Or an error symmetrical with shafts, such as radius of curvature, thickness, and a refractive index, 
and DISENTA. a tilt and the error that is not axial symmetry like a wedge may be combined. 

[0038] (5) The judgment index of tolerance analysis is a certain aberration and optical path difference, or the engine performance 
in each point in the image surface. 

** They are wave aberration, ** beam-of-light aberration. **MTF value. ** distortion aberration, ** f-theta linearity. ** focal 
distance, etc. ** It is the special engine performance which can be used only for a f-theta lens. It is made for increase of the 
wave aberration by error increase to be lambda/100 (for lambda to be wavelength) or less in the case of wave aberration (**). 
The value of a suitable limitation is decided also about other **s - **. The gap (error) from the set point (design value) of a 
parameter which gives the threshold value is tolerance. 

[0039] Drawing 6 shows the design method by the performance-index minimization by the conventional method. It is a 
manufacture error about a parameter with an axis of abscissa, and an axis of ordinate is the engine performance. In initial value, 
the engine performance is low. A variable is changed and it goes so that a performance index may become smaller from now on. 
Although O is written upward from initial value, it is in the condition that this has been improved asymptotically. When the target 
parameter is treated as a variable and a value changes, as shown in dra win g 4 . the reference value of a variable itself is changed 
and the engine performance rises. Transition of O from the initial value of drawing 6 to optimum-solution YO is expressing a thing 
like change of HO from NI of drawing 4 . An optimum solution is E0. It is the group of the variable made into min. This gives best 
performance, when a variable is changed starting with a certain initial value. However, from TA, although tolerance is small and 
gives a reference performance only by yotta **, if it shifts, the engine performance will fall notably. 

[0040] Drawing 7 shows the design approach by the integrated performance-index minimization by the approach of this invention. 
Initial value is chosen as arbitration. A variable is fluctuated so that an integrated performance index may be reduced from initial 
value. Optimum-value RE gives the minimum value. Since an integrated performance index including an error condition is treated, 
tolerance FU becomes large. The engine performance which can be satisfied even if a manufacture error is between reflexs 
widely can be given. 

[0041] It is, among those many parameters which determine optical system are Pi. Error **delta is given only to a parameter. + 
The condition S1 of having given the error of delta Performance index E1 It is contained in an integrated performance index. It is 
E1 when minimizing an integrated performance index. Naturally it should become small. E1 Even if there is error +delta. I hear 
that that it is small has chosen the group of a variable which has little degradation, and there is. Therefore, parameter Pi 
Tolerance becomes large. Intuitively, it is such a thing. However, certification with this strict cannot be performed. It is because a 
parameter is various and extent of the intervention to an optical equation is also various. About the other parameter, it is not 
known beforehand whether tolerance spreads or it becomes narrow. It is not understanding, unless it actually calculates. There 
are some some which become large, and the tolerance of the other parameter has some some which become small, and has 
some which seldom change. Other parameters which become large or seldom change are satisfactory at all. Moreover, even rf 
other parameters which were big tolerance from the first become small somewhat, the problem on manufacture is not produced. 
Temporarily, although it is the case where the tolerance of other parameters becomes small and it becomes impossible for 
manufacture precision to satisfy the tolerance, when the tolerance of other parameters becomes severe, becoming a problem 
adds the condition of having granted the error also to the parameter, it newly creates an integrated performance index, and can 
be solved by optimizing again. 
[0042] 

[Example] The optical system which is applicable may be what kind of thing. Here, it shows that give **** of a double sign about 
various parameters, calculate an optimum solution which makes a performance index min, and tolerance becomes large about a f- 
theta lens as an example. 

[0043] (A) Two initial lens setting O lens number of sheets Quality of the material ZnSe (refractive index n= 2.403) 
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The 1st lens The 1st page is the aspheric surface and'the 2nd page is the 2nd lens of the spherical surface. The 1st page is the 
spherical surface. The 2nd page is aspheric surface O wavelength. 10.6 micrometerO entrance pupil location h is the **** side 
50mmO f number in the 1st page of the 1st lens. 60 incident angle 0 degree. 8 degrees, and 16-degree f-theta lens are lenses 
which carry out image formation of the beam of light which carried out incidence at the include angle which makes theta from an 
optical axis to the location which only ftheta separated from the core of the image surface. Optical system is shown in drawing 
18 . Two lenses are used. If parallel light is put into a lens 1 by the angle of inclination of certain theta. the beam of light which 
came out of the lens 2 will be converged on the point which ftheta Is distant from a core in the image surface. For example. 
theta= 0-degree parallel light KE. FU, and KO are converged on the J point on an optical axis. Image formation of theta= 8- 
degree parallel light TE. A. and SA is carried out to K locations of 8xL in the image surface. theta= 1 6-degree parallel light ME. 
MI. and Si do image formation to M locations of 1 6xL in the image surface. L is a constant here. Although only three beams of 
light are written, respectively, it is being completed as one point by the countless parallel ray in fact 

[0044] (B) They are the radius of curvature of variable setting each field (there is the 4th page), thickness (spacing), an aspheric 
surface multiplier, and an image surface location. Since a lens sets to two, four radius of curvatures exist as a variable. About 
thickness, there are thickness of two lenses and distance between lenses. Since the 1st page of the 1st lens and the 2nd page of 
the 2nd lens are considering as the aspheric surface, an aspheric surface multiplier turns into a variable about each. This is 
[0045]. 
[Equation l] 

or 2 3 j 

Z= i + {i - (TTk) c 2 r 2 } x/z + 2aj r ' J (1) 

[0046] Thus, the cone constant (conic constant) k and a radius r describe the eventh order, and it is multiplier alphaj of **. c is 
top-most-vertices curvature (Vertex curvature). For example, alpha will become four parameters if it takes like the 4th order 
[ 6th / 8th / 10th ] of r. An image surface location is the distance of the image surface from the 2nd lens. Thus, since there are 
many variables, it is necessary to judge the propriety of a variable by the performance index. 

[0047] (C) Constraint focal distance 127mm. lens thickness 3.5mm or more 15mm or less [0048] (D) Setting 1. DISENTA [ — 
Multiplier 5. profile irregularity of the two aspheric surfaces (distortion of a field) ] with error .... Gap 2. tilt from the optical axis of 
a lens medial axis .. Radius of curvature of inclination 3. each field of a lens — Radius-of-curvature 4. aspheric surface multiplier 
of the spherical surface on the rear face of front 

6. Refractive Index — Gap 7. Refractive-Index Heterogeneity from Predetermined Value of Overall Refractive Index of ZnSe 
Lens — Fluctuation 8. Wedge of Local Refractive Index [0049] It is ****. One or more parameters which should grant an error 
are chosen from these. For example, it is as follows supposing it gives an endowment error only to DISENTA. That is. 
performance index E0 in case there is no lens gap (SO) The case (S1) (S2) where there is axial gap of the lens of **delta is 
assumed, and it is each performance index El and E2. It asks for the optimal variable group which calculates for every group of a 
variable and makes the sum of a performance index min. The whole performance index E is weight wO, w1, and w2. It hangs and 
considers as the sum total of this. 
E=w0 E0 +w1 E1 +w2 E2 (2) 

It comes out. Weight wO, w1, and w2 You may decide freely. 

[0050] Here, it is referred to as wO =w1 =w2 =1. Therefore, a performance index is only E=E0+E1+E2. (3) 

It comes out. DISENTA error **delta which should be granted gives a suitable value in consideration of the level of manufacture 
precision. It is better to make an endowment error into a larger value than a manufacture error. 

[0051] You may make it give an error to the other parameters other than a DISENTA error. For example, **1% of error is given to 
the radius of curvature of the 1 st page of an one-sheet eye lens. When it does so, they are S3 and S4. The condition of saying 
increases. Since the sum of five performance indices is made, it asks for the group of a variable which makes this min. It is SO, 
when it is made such, the group of the optimal variable is called for and DISENTA tolerance and radius-of-curvature tolerance 
are searched for. It is increasing rather than the tolerance at the time. Since tolerance is large, manufacture becomes easy. 
[0052] As a performance index, for example, beam-of-light aberration is adopted. Of course, other optical errors, such as wave 
aberration, may be used for a performance index. If aberration is in a lens, the beam-of-light groups which should be ideally 
converged on one point on the image surface will be scattered here and there, and will arrive at the image surface. The sum of 
squares of gap of each beam of light is taken, and it is made into the performance index. 

[0053] Drawing 19 is an example which shows distribution of the beam of light on an entrance pupil (entrance pupil). Here, an 
entrance pupil may be considered to be the cross section of the light which carries out incidence to a lens. One in an entrance 
pupil means one beam of light. In order to raise the precision of count, there are many beams of light and make it better [ to be 
widely distributed over the whole pupil although a favorite number of beams of light may be taken in the location on the pupil of 
arbitration (Px and Py) ]. (Px and Py) show the coordinate on a pupil here. The magnitude of a pupil is normalized and is 
expressed with the circle of a radius 1. However, in order to optimize quickly by reducing computational complexity, there must 
not seldom be too many beams of light. What is shown in drawing 1919 is an example which takes 1 8 beams of light. Six straight 
lines extended from the core of a pupil to a radial are taken (respectively whenever [ 0 ], the direction of 60 degrees. 120 
degrees, 1 80 degrees, 240 degrees, and 300 degrees), and three rings from which magnitude differs further are taken, the radius 
R of three rings — respectively — R= 0.3357 and 0. — it is 7071 and 0.9420. A total of 18 beams of light are taken at the 
intersection of these six radiations and three rings, wj =0.048481 (12) and monochrome round head set [ a black dot ] weight of 
each beam of light to wj =0.07757 (6). 

[0054] If it calculates at what kind of location each beam of light varies and arrives in the image surface, the location gaps deltax 
and delta y can be found, deltax and delta y are x components and y components of gap from a center— of-gravity location of all 
beams of light, f (2 f= 1.3) shows 0 times. 8 times, and 16 degrees for each beam of light whenever [j G= 1. 2. — .18) and 
incident angle ], and the weight wj for every beam of light is obtained. Weight wf for whenever [ incident angle / every ] It hangs 
and is one condition Sk. Receiving performance index Ek (although it omits since the case of single wavelength is treated here) 
When treating the light of two or more wavelength, weight wlambda will be hung also on each wavelength and the sum will be 
taken. Sk Receiving Ek Ek =sigmasigmawf wj (deltaxfj2+deltayfj2) (4) 

It carries out. This gives the performance index E0 of each condition SO, S1. S2, and — . El, E2. E3, and — . This invention is the 
non-error condition SO. The endowment error condition S1 which granted the error, S2. and S3 Since each performance index is 
added, it is each condition Sk. It is wk about weight. Carrying out, the integrated performance index E is E=sigma wk Ek 
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=sigmasigmasigmawk wf wj. (deltaxkfj2+deftaykfj2) (5) 

It becomes. A variable is fluctuated so that this may be made to minimize. 

[0055] The above-mentioned performance index can estimate the convergence property of light with a lens. However, it is 
necessary to make evaluation possible [ about f-theta-related linearity ] as another important property in the design of a f-theta 
lens. Since (4) makes the error beam-ofHight location gap by the image surface, f-theta linearity evaluation is not included in 
this. In the case of a f-theta lens, it is necessary to attain optimization so that a performance index may be devised further and 
the linearity between good f-theta may be acquired. 

[0056] For example, the location hj (= 0) of each foci J. K. and M in the image surface when taking whenever [ three incident 
angle 0 times. 8 times, and 16 degrees. ], hK, and hM It asks by count by carrying out ray tracing about the parameter of the 
optical system in the time. Since it changes with the twice as many include angle as this exactly 1 6 degrees to 8 times whenever 
[ incident angle ] at this time, if linearity is realized in ideal f-theta, it will be 2hK =hM. It should become. Then, it is EL =(2hK~hM) 
2 (6) as a function by which the linearity of f-theta is evaluated. 

****** If whenever [ incident angle / than three / more ] are set up. many functions like a formula (6) are stood and those total 
is taken, the linearity of f-theta can also be evaluated in a detail. The value of a variable is optimized so that a performance index 
like a formula (6) may also be minimized to a formula (5) and coincidence. 

[0057] Moreover, you may incorporate into a performance index also about the constraint of a focal distance, the thickness range 
of a lens. etc. In order to make a focal distance f into the target value, for example. 127mm. it is el =(f— 1 27) 2. (7) 
The performance index expressed be alike can be taken. In order to make thickness t of a lens into the less than range of target 
for example, 3.5mm or more 15mm. it is a performance index. e2 =alpha(t-3.5)2+beta(t-l5) 2 (8) 

******. However, a multiplier alpha shall take the value of alpha= 1 at the time of alpha= 0 and t<=3.5mm at the time of t> 
3.5mm. Similarly a multiplier beta shall take the value of beta= 1 at the time of beta= 0 and t>=15mm at the time of t< 15mm. 
Therefore, thickness t is set to 0 by 3.5mm - 1 5mm. and this will become a forward value if it separates from this range. Thus, a 
performance index can also express a constraint. It is the respectively suitable weight wc about the performance index ec (e1. 
e2. — ) about such a constraint. By hanging and adding, it collects into the performance index Ec about all constraints, and is Ec 
=sigmawcec. (9) 
It becomes. 

[0058] Total of three performance indices (5) as shown above, (6), and (9) is taken, and an integrated performance index is 
completed. The suitable weight wA, wl_ and wC It hangs and total is taken. Integrated performance index E E=wA sigma wk 
Ek+wL EL+wC EC (10) 

It becomes. Weight wA, wL and wC sigmawk Ek, EL. and EC It works so that each performance index may be made to minimize 
with sufficient balance. Here, it is E=sigma wk Ek+EL+EC as wA =wL =wC =1 simply. (1 1) 

It carries out. Count which optimizes a variable so that this integrated performance index may be minimized is performed. In 
addition to the beam-of-light aberration in each condition, by calculating an optimum solution, the group of the parameter value 
which becomes the best about each of f-theta linearity and a constraint is called for. 

[0059] The conventional approach is followed first and it is SO. The optimum design of a case is carried out. a performance index 
— E=E0+EL+EC it is . This is shown in drawing 8 . The light which came out of the light source is deflected by deviation 
equipments, such as a polygon mirror and a galvanometer mirror, carries out incidence to a lens by whenever [ incident angle / 
which is decided by that cause ]. is extracted with a lens, and is converged on the image surface. This number is arbitrary 
although three deflected light is shown as an example here. The curvature of a lens, thickness, etc. become a variable. Lens 
spacing will also be a variable if there are two or more lenses. Since the fixed restriction is imposed on the configuration of a 
lens, the dimension, etc., a variable is variously changed in the range. This calculates [ DISENTA ] a performance index for radius 
of curvature etc. according to a conventional method, without giving an error. The value (the optimal) of the variable with which a 
performance index becomes min is calculated. From now on, the tolerance of a variable will be searched for. According to it, 
DISENTA tolerance was **40 micrometers. The radius-of-curvature tolerance of the 1st lens is **0.066%. Any tolerance is small 
and difficult to manufacture. 

[0060] SO without a [example 1 (**1 60-micrometer DISENTA)] DISENTA error Two error grant conditions other than a condition 
are considered. An explanatory view is shown in drawing 9 . As a variable of optical system, there are curvature on the rear face 
of front of a lens, lens thickness, lens spacing, etc. The case where there is no DISENTA is shown in the left. The beam of light 
from the light source is converged on three locations with a lens. It is the performance index of that E0 It carries out. In this 
case, not wave aberration but beam-of-light aberration is adopted. Whenever [ incident angle ] is the direction of 0 times. 8 
times, and 16 degrees. 

[0061] The condition of having given **160 micrometers of DISENTA errors is set to SI (-160 micrometers) and S2 (+160 
micrometers). Beam-of-light aberration is adopted also about these. It is a performance index in each case E0, El, and E2 It 
carries out. An optical variable is given to each condition. The restriction is imposed on the configuration, the dimension, etc. A 
variable is changed within a restriction and it is integrated performance-index E=E0+E1+E2+EL+EC. It asked for the group of the 
variable which calculates and makes min this (1 wk =1;k=0. 2). The DISENTA tolerance in that case was **202 micrometers as a 
result of tolerance analysis. Since tolerance increases large about 5 times, manufacture becomes easy. It does not come out so 
much and the engine performance also improves. 

[0062] Dra win g 20 is an example of the result of having carried out analysis evaluation of the property by simulation about the f- 
theta lens decided with the optical parameter which minimized and searched for the performance index of a non-error condition 
with the conventional method. 
[0063] 
[Table l] 
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(mm) 


(mm) 




L 1 


S i 


£2 


4. 228 


2. 403 


S2 


-64. 0 5 8 


6. 389 


L2 


S3 


-54 8. 0 6 7 


13. 9 7 3 


2. 403 


S4 


52 


1 6 2. 7 2 2 



[0064] 
[Table 2] 



m 


1/C 

(mm) 


k 




a a 


a< 


a t 


si 


-35. 661 


-1.234 


-2. 493E-6 


-2.517E-10 


3. 056E-13 


-1. 154E-15 


S4 


-67. 063 


-0. 826 


3. 407E-7 


3.776E-11 


-1.691E-14 


-3. 797S-18 



[0065] 160 micrometers of DISENTA errors are granted as a manufacture error, and a contour line shows the intensity 
distribution of the condensing spot in the image surface at that time. This is the result of calculating a point spread function 
(point spread function) about the case where whenever [ J point / of drawin g 18 /, K point and M point, i.e., incident angle, ] are 
0 times, 8 times, and 1 6 degrees. The form of a sharp crest which becomes low is displayed with the contour line as the 
reinforcement of a condensing spot has a high core and it spreads outside in drawing 20 . Most spots of 0 times (J point) are high 
lines, such as being close to a perfect circle. The spot of 16 degrees (M points) is distorted for a long time in the ellipse form to 
it. This shows that a spot is distorted like M points as whenever [ incident angle ] becomes large, and a good property is not 
acquired by 1 60 micrometers of set-up DISENTA errors. 

[0066] It is the result of taking the integrated performance index which set up the error condition with which drawing 21 , on the 
other hand, endowed **160 micrometers of DISENTA errors by this invention, setting up 160 micrometers of DISENTA errors like 
the above about the Htheta lens decided with the optical parameter which minimized and asked for it and carrying out simulation 
of the property. 
[0067] 
[Table 3] 







(mm) 


ff^ HUB 

(mm) 




L 1 


S 1 


324 


4.755 


2. 403 


S2 


-73. 008 


7.211 


L2 


S 3 


-282. 3 1 5 


12. 95 1 


2. 4 03 


S 4 


&4 


1 6 3. 24 1 



[0068] 
[Table 4] 



m 
s 


1/C 

(mm) 


k 


a a 


a* 


a* 


a i- 


si 


-39. 877 


-2. 308 


-4. 69SE-6 


3. 492E-10 


-3. 413E-13 


-7.573E-16 


S4 


-63. 627 


-0. 242 


i. 2S9E-7 


4. 338E-U 


2. 666E-15 


-4.085E-18 



[0069] With this lens, since the tolerance of DISENTA is loose to **202 micrometers, even if there is a 1 60-micrometer 
DISENTA error, neither of 0 times. 8 times, and 1 6 degrees of the spots is distorted whenever [ incident angle ], but the contour 
line symmetrical with rotation of a perfect circle form is drawn. It turns out that this invention is excellent as compared with the 
conventional method of drawing 20 . 

[0070] **160 micrometers of [example 2 (DISENTA error [ of **160 micrometers ], and **1% of radius-of-curvature error; the 
1)] DISENTA errors — in addition. **1% of error was endowed with the radius of curvature of the 1st page of the 1st lens. 
[0071] 
[Table 5] 
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9^ Hffi 








(mm) 


(mm) 




L 1 


S 1 


S6 


4. 7S8 


2. 403 




S2 


-7 7. 323 


6. 746 




L2 


S3 


-28 7. 042 


12. 9 8 1 


2.403 




S4 


3*6 


1 6 3. 6 9 6 





[0072] 
[Table 6] 



1 

m 


1/c 
(mm) 


k 


a 7 


as 


a a 


a 1 


51 


-40. 189 


0.013 


-2. 3S8E-7 


-3. 330E-11 


3. 449E-13 


-7. 662E-16 


S4 


-62. 100 


-0. 756 


-I. 574E-7 


I.876E-U 


-7. 220E-16 


-5.573E-18 



[0073] S1 (-160 micrometers), S2 (+160 micrometers). S3 (-1%), and S4 (+1%) and SO It is performance-index 
E=EO+E1+E2+E3+E4+EL+EC about five added conditions. It asked for the group of the variable which calculates and makes this 
min. The radius-of-curvature tolerance of the 1st page of the 1st lens in this case became **0.770%. SO since it is increasing to 
10 or more times of the tolerance of a design conventionally only treating a condition — manufacture — it becomes easy. 
Moreover, the tolerance of DISENTA was also set to **180 micrometers, and a design is conventionally larger than **40 
micrometers, and it was eased. 

[0074] **1% of error was given to the radius of curvature of the 1st page of the 1st lens at **160 micrometers of [example 3 
(DISENTA error [ of **160 micrometers ], and of radius-of-curvature error the 2)] DISENTA errors, and coincidence. 

[0075] 
[Table 7] 







(mm) 


(mm) 




L 1 


S 1 


£8 


5. 1 1 7 


2. 4 03 


S 2 


- 7 3. 8 8 4 


8. 788 


L2 


S 3 


-282. 9 8 9 


12. 8 9 6 


2. 4 0 3 


S 4 




16 3. 16 6 



[0076] 
[Table 8] 



m 


1/c 


k 


at 


a s 


a 4 


at 


* 
















(mm) 












si 


-42. 181 


-0. 004 


-1.784E-7 


-5.900E-10 


1. 521E-12 


-1. 947E-15 


S4 


-67.600 


-0. 596 


-5. 942E-8 


-2.302E-11 


3.811E-14 


-1.850E-17 



[0077] S1 (-160 micrometers - 1%). and S2 (+160 micrometers. +1%) and SO It is performance-index E=E0+E1+E2+EL+EC about 
three added conditions. It asked for the group of the variable which calculates and makes this min. In this case, the radius-of- 
curvature tolerance of the 1st page of the 1st lens was set to **201 micrometers by DISENTA tolerance with **0.645%. SO since 
it becomes about 5 times as much tolerance as the DISENTA tolerance of a condition and is increasing by about 10 times about 
radius of curvature — manufacture — it becomes easy. 

[0078] [Example 4 (the lens thickness of **0.2mm, lens spacing error)] It was a thing about a DISENTA error and the error of the 
radius of curvature of a lens which was described until now. Next, the error was given to lens thickness and lens spacing, the 
performance index was made, and this was minimized. 
[0079] 
[Table 9] 
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MPS 








(mm) 


(mm) 




L 1 


S 1 


«1 0 


4. 33 1 


2. 403 




S2 


-8 3. 2 7 7 


4.886 




L2 


S3 


-3 13. 9 19 


13. 17 3 


2.403 




S 4 


5*1 0 


1 64. 5 9 1 





[0080] 
[Table 10] 



m 
# 


1/c 
(mm) 


k 


a 3 




a* 


a 8 


si 


-37. 641 


-0. 075 


-5. 120E-7 


4.102E-10 


-1. 307E-13 


-5. 3B6B-16 


S4 


-56.159 


-0. 489 


-4. 947E-9 


1.217E-10 


-2. 974E-14 


1.304B-18 



[0081] There are the six conditions of having given the error, the condition that the condition of having given the **0.2mm error 
about the thickness of the 1st lens gave the **0.2mm error to S1. S2, and lens spacing — S3 and S4 it is . the condition of 
having given the **0.2mm error to the 2nd lens thickness — S5 and S6 it is . And integrated performance-index 
E=E0+E1+E2+E3+E4+E5+E6+EL+EC It asked for the group of a variable which is made into min. E0 In the case of the group of 
only the variable made into min. the tolerance of lens thickness and spacing was **0.08mm. but in the group of the variable which 
makes min the integrated performance index in the condition of including six errors, the tolerance of thickness spacing increased 
to **0.23mm. since tolerance has increased about 3 times — more — manufacture — it is an easy translation. 
[0082] The 1st lens of [an example 5 (refractive -index error of 0.02 [ **])] and the 2nd lens use the ingredient for the infrared 
light of ZnSe. a refractive index considers the condition of having given the refractive-index error of 0.02 [ **] to this, although 
being referred to as 2.403 usually comes out. 
[0083] 
[Table 11] 





AM* 


(mm) 


(mm) 




L 1 


S 1 


& 1 2 


4.511 


2.4 03 


S 2 


-6 1. 9 50 


7. 7 7 3 


L2 


S3 


-4 5 8. 3 1 1 


13. 7 7 1 


2. 403 


S4 


3U 2 


16 1. 3 54 



[0084] 
[Table 1 2] 



m 


i/c 


k 


a. 


a 3 


a* 


a t 


3 

*t 


(mm) 












SI 


-37. 381 


-0. 080 


4. 417E-7 


3. 4312-10 


8. 272E-15 


7. 625E-17 


S4 


-71.995 


-1.055 


8. 115E-8 


3. 323E-12 


-7. 892E-I5 


3. 582E-19 



[0085] SO It is in a condition without a refractive-index error. S1 The condition and S2 which have the error of +0.02 in the 
refractive index of the 1st lens The condition and S3 which have the error of -0.02 in the refractive index of the 1st lens The 
condition and S4 which gave the error of +0.02 to the refractive index of the 2nd lens It is in the condition which gave the error 
of -0.02 to the refractive index of the 2nd lens. The performance index of these five conditions is set to Ej 0= 0, — , 4). 
Integrated performance-index E=E0+E1+E2+E3+E4+EL+EC It asked for the optical variable made into min. SO which does not give 
an error The refractive-index tolerance over the variable which makes an integrated performance index min to the variable for 
which it asked as min although refractive-index tolerance is **0.00782 was **0.01 15. It is increasing about 50 percent 
[0086] the lens thickness of the [example 6 (lens thickness spacing error [ of **0.2mm ]. and tilt error of **10 minutes)] example 
4, and spacing — in addition, what granted **10 minutes as a tilt error of a lens is considered. Although the tolerance of lens 
thickness and spacing became loose in the example 4, the tolerance of a tilt became severe in the example 4 to **10.7 minutes 
of a conventional method in **3.8 minutes conversely. So, this example shows that also grant the error of a tilt in addition to lens 
thickness and spacing, and all the tolerance of them increases. 
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[0087] 
[Table 1 3] 





Ell**? 


t+i; Ttf lii <2 

(mm) 


(mm) 




L 1 


S 1 


SI 4 


4.459 


2. 403 


S2 


-7 1. 7 5 1 


6. 249 


L2 . 


S3 


-3 14. 9 3 2 


13. 18 9 


2. 403 


S4 


mi 4 


1 63. 4 3 9 



[0088] 
[Table 14] 



B 


1/C 

(mm) 


k 


a t 




a , 


a* 


31 


-37. 873 


0. 064 


2. 449B-7 


2. 461S-10 


7. 303E-13 


-8.252E-16 


S4 


-61.758 


-0.514 


8. 815E-8 


4. 215E- 11 


2. 604E-15 


-8. 652E-18 



[0089] SI -S6 It is the same as an example 4. S1 and S2 The condition which gave the **0.2mm error about the thickness of the 
1 st lens. S3, and S4 It is in the condition which gave the **0.2mm error to lens spacing. S5 and S6 It is in the condition which 
gave the **0.2mm error to. the 2nd lens thickness. S7 The tilt error of +10 minutes is endowed with the 1st lens. S8 It is in the 
condition which endowed the tilt error of - 10 minutes with the 1st lens. S9 The condition which gave the tilt error of +10 
minutes to the 2nd lens, and S10 give the tilt error of - 10 minutes to the 2nd lens. As those performance indices. El -E10 are 
made to correspond and it is integrated performance-index E=E0+E1+.... +E9+E10+EL+EC It thinks. Performance- index E=E0+E1 + 
which has not granted the tilt error .... +E6+EL+EC In the case of the example 4. tilt tolerance was **3.8 minutes. When tilt error 
**10 minutes were added here, tilt tolerance increased in **8.1 minutes, since it is increasing twice [ about ] — manufacture — 
it is easy. The tolerance of lens thickness and lens spacing was set to **0.25mm. 

[0090] **5 minutes was set up as a wedge error of the 2nd lens of [an example 7 (wedge error of **5 minutes)]. 

[0091] 

[Table 15] 

*«SW7C0U>Xr'-^ 







(mm) 


«*, ram 

(mm) 




L 1 


S 1 


mi 6 


3. 500 


2. 403 


S 2 


-4 9. 16 5 


8. 444 


L 2 


S3 




9.976 


2. 403 


S4 


361 6 


1 5 7. 7 0 1 



[0092] 
[Table 16] 



m 


1/c 




a « 




a 4 


at 


















(mm) 












SI 


-31. 575 


-0. 257 


I. 359E-6 


7. 887E-10 


-2. 193E-13 


3. 206E-16 


S4 


-79. 44B 


-1.711 


8. 460E-7 


-1.5S4E-10 


1. 126E-14 


3. 109E-19 



[0093] S1 It is in the condition which granted the wedge error of +5 minutes. S2 It is in the condition which granted the wedge 
error of - 5 minutes. Conventional method E0 In evaluation, the wedge error was **1.9 minutes. E=E0+E1+E2+EL+EC Wedge 
tolerance has been improved by making it min in **2.7 minutes, since it expands for 0.8 minutes — manufacture — it becomes 
easy. 

[0094] The [example 8 (heterogeneity of refractive-index distribution)] lens has calculated having assumed that it had a fixed 
refractive index. About fluctuation of the whole refractive index, what granted the error of 0.02 [ **] in the example 5 was 
explained. Here, the not fluctuation but spatial heterogeneity of a uniform refractive index are treated. 
[0095] 
[Table 17] 
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(mm) 


ff^ HPS 
(mm) 




L I 


S 1 


SI 8 


3. 500 


2. 403 


S 2 


-5i. 4 09 


6. 8 1 7 


L2 


S 3 




10. 2 5 1 


2.4 03 


S4 


351 8 


1 57. 6 29 



[0096] 
[Table 18] 



m 


1/c 


k 


a j 


a s 


a 4 


a s 


















(mm) 












si 


-31. 225 


-0.217 


1.870E-6 


1. 242E-9 


-1.490E-13 


3. 946E-16 


54 


-73. 378 


-2. 088 


6. 580E-7 


-1. 582E-10 


2. 090E-I5 


1. 325E-18 



[0097] Suppose that there is a refractive-index ununiformity depending on a radius which is expressed by the 2nd lens by the 

following formula. 

[0098] 

n=n0 +Ar2 +Br4 (r=(x2 +y2 )l/2 ) (12) 

nO =2.403S0 It is in the refractive-index homogeneity condition of A= 0 and B= 0 (n=n0). SI A= +5x10-7 and B=-4xl0-10 It is in 
the condition of a refractive-index ununiformity. S2 A=-5x10-7 and B= +4x10-10 It is in the condition of a refractive-index 
ununiformity. SO Performance index E0 In what was minimized, the tolerance of a refractive-index ununiformity (inhomogeneity) 
was **0.0000193. This invention is followed and it is integrated performance-index E=E0+E1+E2+EL+EC. Refractive-index 
heterogeneity tolerance has been improved for what minimized and optimized the variable by **0.0000267. It means that 
tolerance had increased about 40 percent 

[0099] [Example 9 (aspheric lens)] It is asking for a variable which endows an error with a parameter which is [ condenser lens / 
of an aspheric lens simple next ] different in examples 1-8 at an example, sets up a performance index, and minimizes it and it is 
shown that the case [ tolerance ] of a f-theta lens becomes the same greatly. 
[0100] (A) Initial lens setup. 

One lens number of sheets Quality of the material ZnSe (refractive index n= 2.403) 

The 1st page is the convex aspheric surface and the 2nd page is the concave spherical surface. 

Wavelength Diameter of 10.6-micrometer entrance pupil Whenever [ phi50.8mm incident angle ] 0 times (only vertical incidence) 
A lens has a meniscus configuration by the product made from ZnSe. and the 1st page is the aspheric surface. It is only that 
parallel light carries out vertical incidence of the incident light by infrared light with a wavelength of 10.6 micrometers. 
[0101] (B) Let variable setting 1st. the radius of curvature of the 2nd page, an aspheric surface multiplier (k. alphal, alpha 2. 
alpha 3. and alpha 4), thickness, and an image surface location be variables. 

[0102] (C) Constraint focal distance 95.25mm lens thickness The error (Fringes Irregularity) of 3mm or more 12mm or less profile 
irregularity is made an issue of. This is gap from an ideal curved surface. helium-Ne laser with a wavelength of 0.633 micrometers 
can be measured using an interferometer suitable as criteria wavelength. The magnitude of gap is expressed with the number of 
an interference fringe. For example, the case where there is gap of curvature in each cross section of the direction of a x axis 
and the direction of the y-axis as shown in dr awin g 15 is considered. The shaft of a lens is made into the z-axis here, and the X- 
axis and a Y-axis are taken in a field perpendicular to the z-axis. That is, a cylindrical distortion which is not the symmetry of 
revolution has arisen. At this time, an interference fringe becomes like draw ing 16 . The difference of the number of the stripes of 
a lengthwise direction and a longitudinal direction is taken, and distortion of a field is expressed. 
[0103] 
[Table 19] 



1/>X 




(mm) 


MSB 

(mm) 




L 1 


S 1 


3220 


5.518 


2. 403 


S2 


1 84. 5 6 5 


9 1. 3 5 9 



[0104] 
[Table 20] 
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m 


1/c 
(mm) 


k 


a 3 


a, 


ar« 


a. 


SI 


78. 854 


-0. 637 


9. 892E-8 


2. 658E-11 


-5. 060E-14 


4. 251S-17 



[0105] The condition SO of not including a profile irregularity error Included performance-index E=E0+Ec. in the group 
(conventional example 2) of the variable made into min. the number of profile irregularity tolerance was **2.97. 
[0106] The condition S1 that there is a cylindrical profile irregularity error in which a **five striped number appears according to 
the thought of this invention, and S2 It assumes and is these performance indices El and E2. Added integrated performance- 
index E=E0+E1+E2+Ec It asked for the variable made into min (example 9). 
[0107] 
[Table 21] 



1/>X 




(mm) 


jjc*, tarn 

(mm) 




L 1 


S 1 


3?22 


5.519 


2. 403 


S2 


1 5 7. 5 62 


9 1. 0 9 2 



[0108] 
[Table 22] 



m 
« 


l/c 
(mm) 


k 


a a 




a * 


a s 


SI 


73. 777 


-0. 6S2 


I. 584E-7 


-9. 697E-11 


3. 263E-13 


-2.681E-L6 



[0109] According to this, the tolerance of profile irregularity has been improved by even **4.67. 
[0110] 

[Effect of the Invention] parameter Pi of one or more [ this invention ] among optical parameters ******** — the condition S1 
of having included the error of **delta, and S2 — thinking — these performance indices El. E2, and — non-error condition SO 
Performance index E0 Integrated performance-index E0+E1+E2 added The variable which makes this min is looked for making — 
and changing a variable. Parameter Pi which considered the condition of having granted the error If it attaches, tolerance 
spreads, since tolerance becomes large — manufacture — it becomes easy. 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
daoages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The approximate account Fig. of a lens design method. 

[Drawing 2J Drawing showing change of a wave front when a plane wave is changed into a spherical wave by the lens. 
[Drawing 3] Drawing explaining the inconsistency of the actual wave front from the wave front of an ideal being wave aberration. 
[Drawing 4] Drawing which explains that there may be little degradation even if the time when engine-performance change is 
large even when change of a variable is slight, and variable change are large although the engine performance is changed as a 
function of an optical-system variable. 

[Drawing 5] The graph explaining making the error of Perilla frutescens (L) Britton var. crispa (Thunb.) Decne. into tolerance the 
reference value which has degradation although the engine performance of optical system decreases with a manufacture error 
being permitted. 

[Drawing 6] Performance index EO which does not give an error according to a conventional method It is drawing explaining 
tolerance becoming small when an optical parameter is determined. 

[Drawing 7] the case where a parameter is chosen so that the integrated performance index which added the performance index 
in the condition of following the thought of this invention, giving an error to the parameter of shoes, and including an error to the 
performance index which does not include an error may be made into min — tolerance — breadth and manufacture — drawing 
explaining becoming easy. 

[Drawing 8] Performance index EO in the condition of not granting an error Drawing explaining the procedure of a conventional 
method of asking for an optical parameter by making it min. 

[Drawing JJ] The performance index El in the condition of having granted the DISENTA error of **delta. and E2 Performance 
index EO in the condition of not giving an error Drawing explaining the procedure of this invention of deciding a parameter by 
making the added integrated performance index and minimizing this. 

[Drawing 10] The graph explaining according to the conventional method of minimizing the performance index in the condition of 
not giving an error, and determining a parameter, the increment in aberration being remarkable and being unable to take large 
tolerance, even if manufacture errors are few. An axis of abscissa is a manufacture error and is expressing the error of various 
parameters collectively. 

[ Draw ing 1 l ] It is the graph which according to the approach of this invention of minimizing the integrated performance index 
which added the performance index in the condition that there are no performance index and error in the condition of having 
given the error, and determining a parameter explains that the increments in aberration are few and large tolerance can be taken 
even if there are some manufacture errors. An axis of abscissa is a manufacture error and is expressing the error of various 
parameters collectively. Although an axis of ordinate is aberration, this can show the aberration adhering to the general engine 
performance, and can choose suitable aberration, such as gap. wave aberration, etc. of a location in ray tracing. 
[ Drawin g 12] Drawing explaining the flow of the design approach of this invention using the performance index about the 
condition which granted the error. 

[Drawing 1 3] Drawing showing the condition that the shaft of two lenses shifted. This is a DISENTA error. 

[Prawip.6 1.4] (D ' s drawing showing the condition that one lens optical axis inclined between two lenses. It is a tilt error. (2) is 
drawing showing the condition of the thickness of a lens not being uniform and changing to the wedge action die. This is a wedge. 

[Drawing 15] The graph which shows distortion of a cylindrical field. A continuous line shows the lens curved surface of an ideal, 
and shows the lens curved surface where a broken line is actual. Since it is a curved surface, it has two-dimensional breadth. 
Here, xz cross section and yz cross section are shown. Although it is in the direction of y as an ideal curved surface, have 
shifted from the ideal curved surface, it is said in the x directions that it is. and appearance is shown. 

[Drawin g 16] The interference fringe by the helium-Ne laser (wavelength of lambda= 0.633 micrometers) of the lens which has a 
gap of a curved surface in the x directions like drawing J 5 is shown. 

[Drawing 17] Drawing showing that parallel light is converged on one point in the aspheric lens whose 1st page is a convex 
(aspheric surface), and whose 2nd page is a concave surface (spherical surface). 

[Drawing 1 8] Drawing showing signs that the light which carried out incidence to the lens by whenever [ incident angle / of 0 
times, 8 times, and 1 6 degrees ] in the f-theta lens is converged on the image surface in a location different, respectively. 
[Drawing 19] Drawing showing the example which takes 18 beams of light in an entrance pupil in the example of a f-theta lens. 
[Drawing J£0] The condition SO of not giving an error according to a conventional method Performance index EO Drawing showing 
the intensity distribution of the condensing spot on the image surface with a contour line about whenever [ each incident angle 
(0-degree, 8 degree, and 1 6 degrees) ] when a 1 60-micrometer DISENTA error is given to the f-theta lens determined with the 
optical parameter called for by making it min. 

[Drawing 21] The performance index E1 of the error condition which gave the DISENTA error according to this invention. E2 The 
condition SO of not giving an error Performance index EO When a 1 60-micrometer DISENTA error is added to the f-theta lens 
determined with the optical parameter called for by making the added integrated performance index E into min Drawing showing 
the intensity distribution of the condensing spot on the image surface with a contour line about whenever [ each incident angle (0 
degree. 8 degree, and 1 6 degrees) ]. 
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■3»itTiMi5«»*a'jwcr4*jsicM4. cn**«a 

L^^sbt ksicm-s. cn#gi!8?i;Oe> C<hlC 

a©a#wsgfc'<toe> cticfc*. o»i/iiofln 
[0021] t>e>— owraett. safiiwrBiT©®!*;^ 

-5 © I4ttfitfc' It Tfc u <b O 5 C <fc X$> -5. 6 

BHnSIC&^TO-So *£(C»«>&£tt&&:HSIia0f 
th o T t> ttBE©(£T(4* LI*, h jSBtt«BB*iS <t U ^ 
•5. L»»Ul£l^<0«t>lC*-5d>e) h*lc8ftSta*3fe»fc 

6C«]JH«3S«nic**»*BI>ni«li*T(fTSai/fc 

^^IJSLCn. ctilcSLTK.«€^itfiI<i:-r*<i:^'> 
cOSSjg^M^* z> X t>ttSg<D®TA<3& * y ftOOTttl 

[0 0 2 2] £(0J:e>^ga<a(CS4^? < !:O5C:ill 



(5) 



1 1-31 6338 



tiJfflttCJ:£. L;*L8J&{grcl*lc«fcS<0-efiJ3:< Vim 
5. ^3t£g<b;*-t*SJII/?;&<ii? <tS^:-5@/Jv«lCl^ 

=!<Dl£o8?lcSS^IiT-£;S:U. ttll&Pfift&ftCS? 
£<i UTfc&^&UiigjtSilT&S. 

[0023] as izmmmmti±m<omm^mmmiZ7a 
•t. ssfiixo <D<t^ic m±<D&m (Hitttsi) ;ua< 
<#t>fts. aii<S;^6iSitiS!g#&s<ht±frg#TSS-f 
•So i*£nsgffiroisfig («i»(iittHt) wzztitT 

a if s. •3*y»ssn*ttii6»T#c«a-i-*BJt 

£Mli*£<. &SA5>-;y-|co<,\TI;i:/h£l\<!:U? 
^#£>S. SiHixo *6©XUe= (x-xo ) IC*J 

So o£y^§$y#lS<iaii;!)<JiblV 
[0 0 2 4] J|i<&KjllgMICttirst£f£i5rFd S/d e 

y e>ftS. |H)G«fc5»ICJ5SA< 1 0mm©U> 

XT-36ofc<hL/Tt>. 1 0 0 m mcpig^i. £S 

[0 0 2 5] WtmmW$>iT*:ft^ftV>n : 5> *-9<D<ik 

s. z\cn&oti$k : &<r>mw,iz&^TM<r)mm>5:-fz>£^ 
&s. &*©f?ffi;£iiiiigicsitugop£fiiiPi:tt 

•TIC iRMcD'h$^ttH£©i§l\8$£^i§P<hUTOS. 
[0 0 2 6] *^WISaej)i(OSlt^;ilZffll,NSI¥fffiBI» 

© A 7 > - * * * »S C <h £ BJfig icf S ^ft^ii £ 

So 

[0 0 2 7] 

©SfO*L<lSo <D/<5>-^$ilC5ttTSI¥iliaSitE 

o<t. &tz<ii*>—-z><Drt ; ?*--$r\zmm.±6<Dmmtfi 
ei . e 2 ■■■^m^izm^mnxtia^wmm^E^ 

wq Eq +w] Ei +W2 E2 • •= Iw|( E k £fE'J. 



Ctl€g/MC"rS<fc^/5:/'C5>-^0D$l'£m«>S<O^ 
§SW<D#^ISft;*;£T-&S. 114^^.5/t7>-^ 

ii^gT-siffrs©^Muivt5>-^$:s^w*<a 
$6ic^tt.^ic^^se^ii^±dis. iisrcois 

iigimj:y Off IC-fS<£>#Hl\, 

[0 0 2 8] SliitOiSgT-SMlcHnSKjl^TIi^: 

<t. *3tmw?*—9\zmmmz*g.%.zt\z>mmi$: 

B^bfctt^si . S2 . • *#^S. crop^iiSu^ 
OBiiBI*d:Eair«J.lcR%IHaitffil="f-5:c:<!:IC-r 
S„ $&ttttQB5KS€*trtRn€n&ttKSi 

»k. ms«^a«:i\«(sso fF 
etic-rs. 

[0 0 2 9] 0 1 2IC«k^T*f6M<0«lB8©SSL«ittW 

s (ieittfi) . -E-ofFfirest^Eo <tt-s. cno 
-e&So z\n<Dmmm^E\ <t-rs. «s§s 

S„ C*l<E>i¥iffig83t£E2 <ht5. /t7>-^Pj **g 

stiUTiatjns^Etois. cn6 3o<o*t<sucfcoTA 

7>-*Pj liPj . Pj ±fiiftgTSSIi/l«. ^E-CO 

ia^o?/'C7>-^(iitjl(cLT^<b^i+s. ~-piu±ro 

-E-©*i^liS3 . S 4 •••«<t*^<(OttfiiiSfiBIISkE 
3 . E4 , ■A«T^S. ±T(O^St<D<a*;*«)Tjfi®iR 
^sEC\ia5t^iRM^<!:^t><!:»»t^i¥<llB»E = X w k 
E k coffl^itSL. E*<g/JMC«:S<fcp«:Sao*i* ! t. 

[0 0 3 0] 6 tl*te*ftWfflir*. 

cn**Hfi6»P#f<t:^m)S«f-C*S. 

ufett^si . s 2 -omBBKk«ttiiLAft«irfliHk 

^x.fe/^3>-^ICOCNT^MA^€?<^:S. 
[0 0 3 1 ] 

*SSfTS. -€-tilc«fcoT^*j£(fS*«*-C*»iaS . 
^lc^:S. 

[0 0 3 2] ( 1 ) RJ»KSeBi»-r&/t7J<-*<!:l* 
3Wliffyxl^^«0J:3«:/t7^-^T-35S„ 



(6) 
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■ is>xtnm> 

■ smm^-a 

[0 0 3 3] (2) I4t^!?a8±ail SlftSI€ 

B*ic<8«(c:fi±-r-5it|g©SIg©c: tf* y B^gStT- 
& « jfl* c C T 14 -5" ©¥*9ffl* I W4Sttttl 1= 35 S«BT£ 
±l/i»«MiOi (2afitJii*) <fcl^»BT*4. B 

**mm6tfi*\\&\.\vtm&S] . S2 -ic-r*t-to««i 
c3i^i66nT^©ttBic:30Tf¥BB»#/j\$i\ga 

mHmmd&izz-rgzt. so . si . S2 

0f&&O. fl3ft:B5HS0«S.«:&S«t&«. 

[0034] o) ±TW7*-*\zmmm&stx. 

*. C*ll4iMe:*Siee»£-r*«<!:lO©TttJa:<jte 
¥^£&-5iIgB£3l*-5ffli::jfil\<!:l\ofcgB©t>© 

[0 0 3 5] fijg-ftlw«fc-3T. SfflSHaE«t+#|C/J\S 

«BHS©B V£<B < T£B#'J* S-r<?*£H3;:&* 
B9JTS*. w k E k /E (k = 0, 1, 2, •••) 

^s k rcooT&tn-ftitf. &tt.«icii-r-5ffffiiia 

#±tt©B£fFBH»ICttL<!:©llBS^U-Cl^;&> 

fco»£ii«jfflKE#gi.vtairc , »<5. «js)B£*ilb 

UT«fctt«]»fflfl»&IWilMa*Tlf**fll=fttt*K 
*TI¥ffiglSt©ig U & Ltf-**W Wf 5 . 
[0 0 3 6] lBJMB©B»C«fc-3T<bfMISBttJ&H-»l= 
'h£<fc£>fclMS^f4. I4gli^tCL'h$<UT 



t? a 6. y /Ms y ^1121 u < a *&ai4Ba 

(4) BBttBSk *<^lMf^ (k©^aKI4P, © i 
©*Stfc I ©2<§ : K=2 I) 0$y Pj S-^BBiRU/t 

*i^(4. FFBMBa«llBi::&-5. giHb©ftS#M<£: 

yftBB*a*«>*. -en#E-3<*:oe>©T&ftf4. 

«i©gS£lT. BfKt«H«!:«i:S/t5>-4MCB!EL 
TKS*B4--r-5«fc5lC-r*. ^?^£<hgimtt<!g©a 

[0 0 3 7] C+l^TiE^TSfcfcWtefi^KBttc*:^ 
lCOUT=0©BBttB£%*.fc. StgtfJgSk ©S*£ 
HSU U^fc^M«:i£(f-5^4e>lcii, o#©J:3j&:¥ 

+ 5j . Pj COHT+tf j tU P^tt^S 2 liPj 
ICOOT-fij . PjlCtHVC-tfj tt5Cd:«<ff 
•So Si . ) . S2 . -<5j ) 

PMtt^fc-^Tfe-So , -6} ) <t 

(-<5j , +5j ) ©=i*b£«utu-5. ce>-r-5<t^ 
B*UB©B*¥#icB&**©Tit»B»*fi<-e* 

Pic. BB*^*5/t^*-*©«*^:b1*€j8«U 

>X©(?#-<hffe© U >X©B*©B*©KB£— o©« 
Bl=B5l/fcB*. *Rft©B»**ffl«U»-3T. "t© 

li. tt*¥S^V». S^«i:ffl^^?lft<i:-Cfcl^«© 
CitffiCUSi. C©«fcpftlg#. B5BS0&4 
( + d^-) ©a^bt^fxT. ftfitOEI0(fi8 

IS. B*. S«T*ft<t*©a5Ptf*ftiim^. 7 s 

-f-fe>^. x-fAK ^x^i?©«t5fttt»l*T^:OB 

[0 0 3 8] ( 5 ) ^MS#i©^JS*i^l4. BiSlCfclt 

0iSBiRM. ®%S>Ri. (5MTF1. €)^ffi1K^. <S> 
f -flBJBtt. ®H.#.SEB 

T3j-5o KBIXM ((D) ©li^l4^mif^:lc4:SiSS>R 
»©«*a»«*.tfA/1 0 0 JUT (AIJJK^) T»^<fc 



(7) 
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fit) frt><DXis (mm) ^iT'^So 

[0 0 3 9] S6liS£*;i!CJ:€)3fffigiae/Mblc<i:-5 

mm**?* m&&&z>/^*-<?[zM-fzmmmm 

T&iJBIhPtttt-C&e. «affl«-Ctttt«ttffil*. Cti 
< e «HH«^6±fil*lcO#»t^T»*#cti*3liifiW 

3^<&OOji»ICJ:oTS3aUTl\-5. SiI8?teEo £ 
C5^i»$<, a*BT<D*»*tttt*^*.« 

[0040] m7 i**mw<D*miz±2>m^wtmK$Si& 

«3^6««WffllilBat*&rct5lcK»*aC»SttT«> 
*tttttItaBB«&30>T. a*:7jMK<tt*. £< 

[0 0 41] ft^»*»S-f «yt^>-*ii»ofc*o 

BfiiBBic»gft«. ttdffffiHaft«/Mbf*£*E 

C t ttlRS + <5 *** o T fcttftiBTtfdXt t * «fc 5 &^a 
Pj (D4i»^ffi<«:*. Bfittic(«-5 0 3C4:T* 

**»<«*a>tt*a&#*&a:i\. -MiliJMHcltWU 



^£;g£T£/S<;53i§^T&£#. (SIC, ffeG>/t^> 

t>HatB#L&tt«g«igiiDUT«fcfcad»«Ba* 

[0 0 4 2] 

[MEM WSlcft^jtfKJt'^ei^feflDTfcoT 

»«Ba*»/wcr*.fc3tt«a«*iRto. 

[0 0 4 3] (A) «3!HHU>X»E 
Ol/>XM2tt ttlZnSe (Sf/f$n = 2. 4 0 
3) 

§iiu>x b i bkie&b* b 2 buhsb 

S2l/>X BlMtei*®. M2IB«iM 
O&S 10. 6 urn 

OA^tilftM R1l/>XRllJ:Uttm5 0mm 
OFt>A- 6 
OA*t^ 0' , 8* , 16* 

f - a l/>X<hlO<£ia7tte^6 5 ^^tftgT'AHL 

«t3ftU>XT*5. 11 8 ICft^X***-. U>X(3 
2ttffi*>tlTO*. ¥*T#££>3 0<Dfl££ft-CU'>Xl 
ICl\ft£<h, lx>X2^t>aSfe*«Ii«BT*#L^6 f 

aBnfcjSicinsrr*. «jttf« = o* ©«t#*\ 

T. 7s »BMT8X LOfiLBK^lCjSft-r^o 0 = 
1 6" ©3Hr*>. 5, ->BMT1 6XL©ffilM£ 
lC^®t-^o CCTLBS»Tft-5. -tn-ftl 3 *OJt 

iRBUTH*. 

[0044] ( b ) gaiss 

8-B (4®£>£) 4>tt*¥8. (BH) . tt£*Bff 

a. ^©fi^T^^o l/>x^— o<t-rsoT\ 
•wawttturwt*. HL^icooTii^o 
u>X(7)is^<h, is>xm<DfEm#*>&. mi u>x© 

^1 l<hlg2 L/>XOB2BI«WBtUTl^**6* 
*i-en«coi\T**B«BOTCBitt*. -ti(S 

[0 0 4 5] 

[an 



c r * 

1 + {1- (1 + k) c 



y T72 



E a , r 



(1) 



[0 0 4 6] <fcl\5<fc5ICH«S» (conic constant) 

tt^ (Vertex curvature) Wx.fi r CO 4 6 

8*. i o;*<ti*3 Jc?>[c<t£<fcaia4o<E>/t^> 
BBttfil*B2 1/>X^6<0«BOE«T 
C©i3lcBB©R#*0©TfHHBRICj:oT 



[0 0 4 7] (C) NBft# 
&£EB 1 2 7 mm, 
U>XJ1^ 3. 5mmJU±1 5mmJUT 

[0 0 4 8] (d) rboks 



(8) 
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2. 5^JUh is>X<Dm£ 

3. §I(0i$fS-8>iI%9(0$iOi$fg 

5. ®*§g (®C0^*) 

6. B#r*-Z n S e l/>XOi»«aa«*©BrSl 
OJ^lC&^o OS^J lx>XXU<0fSl*«S (So ) <D 

mmm&Eo t. ± 6 (D\s>x<D&xis<z>mz>m& (s 

1 ) (S2 ) ^{S^UT^n-fnOW®IIS[Ei , E2 

w 2 ^mitTcn(D^it<h-r^o 

E = wo Eo +wi Ei +W2 E2 (2) 
T'fo&o S-^wq , w] , W2 (iSSlCSW>TAt\, 
[0 0 5 0] CCT'lJwfl =w] =w2 = 1 £ LT^ 

E = Eo +E1 + E 2 (3) 

±y t>*#o«£-ra*a«fii*. 

[0 0 5 1 3 t-V -k>^S^<Dffelc^-(Dffe(0/^^>-^ 

<om i icott**aic± i %<Dmmz**Z2> 0 

ts S3 , S 4 tl\5«IB««iA*. 5oofffilfiBi»<0 

»^T*^coT-zn*«/Mc-r*cfc5«:ffia<offl**«> 

[0 0 5 2] fFffilia^LT, «Atf3t»iR**»ffl-r 
£ 0 &B«3tt£1fe0%¥nR£«mBBft 
CfflOT^ROo l/>Xlc4X^#<fc£<t:, gJSWlci;** 

E = Zwk E k =111 wk wf w j 
[0 0 5 5] ±IE<£l¥ffig§a-Cte, U>X(C«fc*#flE>iR 
B»ttlC30T*IWiTOtr«!6B»**. (4) B 

tt»fiBttcnictt#sna:u. f - 0 u>x<o«*i*s 

[0 0 5 6] Mil Og, 8g, 1 6g<£>3O0DAat 



rflfcffiicsjar*. S3fcis<oxL'(0-ii»*<hy, -en 

[0 0 5 3] m^ 9I4AWS (entrance pupil) ±<D% 
»©#ffi*S-r«T»*. A£t8K4* u>x 

ICA*rt"*3t<0Kifi<h*;t-CSl\, A»B<0*<D— .« 

tt. -^o^s^m^-r^. &m<Dm±<Dmm (p x . 

P y ) lC»*<&a<Bft«*ttoTfil*#, ltll<Dfig£ 
±lf*fc»ictt. #Jgoa#£<T. B±»(dE<#ff 

Stf**#.fcl\. CC"C (P x . P y ) (i>±(DBB« 
^"To B<0*S3l*iE8HbUT*y* ^gKDRTiL 
Tl>^o L^U^6, L»Hb*fflaiC 

nffi-r^icii, ^a^$>^y^-r^x[^e>>s:Oo s 
*^e>M»ttJc{*tf*6*<oiBa*ifcy (^ti-eno 

g, 6 0g, 1 2 0g, 1 8 0g, 2 4 0g, 3 0 0g 
<D*fa) , ££[C*££(Dg/<f3 3 0tf)$§£SX<5o 30 
<£&04MlRI4^ft-€nR = 0. 3357, 0. 707 

1, 0. 9 4 2 0-Cfc£o Cttt> 6*(D&Wa£ 30(£> 

iSO^lctt 1 8*(D^a^Sx^> 0 S-zftacDM^li. M 

?l#wj =0. 048481 (12*), filA^wj 
= 0. 07757 (6*) £-r&o 
[0 0 5 4] 8-«:a^flfcffiT < !:(D«t5«:fiiaiCtf6otN 
TS)a-r*^*ttKr*4:- ^(D&MXUAx, Ay^ 

2££5 0 Ax, Ayll ±7tacom/i:^M^e>(DXu<o 

xJ«#tyj5E#T**. &?tm£ ') (j=1, 2. 
18), A*tftg 0g, 8g, 1 6g$f ( f = 1 , 

2, 3) iCctoT^U. Tta^CDS^wj <bA*tftg^ 
(Ol^wf *»l*T--p<Ott«Sk icWrSSTflSBBE 

A*»{*T»*tt£Wc£:S) o Sk fC^f^Ek 14 
Ek = IZwf wj (Axfj2 +Ayfj2 ) (4) 
<bt3o Ctltt*««So • Si , S 2 , -OffMMBB 
Eo . Ei , E2 . E3, *SSWI*iKBS 
ttf^So &B**B%UfcB#BBtt«Si . S2 . S 
3 ©*WffiB»ft»iL4©T. &«^S k <Di**w k 
<h L/T, B^ffffiBBEtt. 

(A x k fj2 + A y kf j 2 ) (5) 

(=0) . hK . h M It, •£0B.AT0%¥X0)/t7> 

ico t NT^aii^f 4 c <h rc«k o Tlt» ic <k o 
a^bti^. c(Dt^, AWftg8gic^tui smtrm 

««fltyttO<OT»tltf. 2 h« =h M ift^Ii-TTft 

E L = (2 h K - hy ) 2 (6) 

£SK3o A«Mt3^J:Ut)»<HSU. a (6) CD 

fl©BBtt*BBICWffi-r*Ctt>T««. a (5) t 



(9) 



*#§8¥ 1 1 - 316 3 3 8 



[oo5 7] &rz, m*mm* \y^x<ow^mmuE<r> 

ftjSffiH f * 1 MOffl. Wittfl 2 7 mm£-f &/t#> 

e2 =a (t -3. 5) 2 +0 (t 
£SX<5o (EUfiSaali, t>3. 5mm^i^a=0, 
t^3. 5mm^a= 1 <Dm&&Z>*><D tTZo ffit 
<{&a/mt<1 5mm(Di:^0 = O, t^1 5mm(D 

#3. 5mm-1 5mmt|J0<!:^U, C<Diga£f3*f 

rae c (ei . e2 , •••) €f nfni3&I*w c 

E = w^ Xwk E k +w|_ El +wq 

< 0 CC*CIS¥$6(CwA =w|_ =wc = 1 £UT 
E = Zw k E k + E|_ +Ec (11) 

mittznw&ftOo «SJB*##* cilery, fttt 

[0 0 5 9] $-rS6*O*;4fCfSe^TS0 4>*§^<Dfi3 
^it^-r^o WfiBB8ai*E = Eo + E|_ +Eq TfcSo 

T\ *ftlCj:y***AIM«TL/>XlcA«tU U> 
>XIBPBfcKBT»*. l^XtfHBtt, *faWs 

f>ft>^i N i(J±4 0MmT$)orc 6 «1l/>XOi 

V¥a£S(2±0. 0 6 6XT**. o-rno&ftfc/j* 



ei = (f-1 27) 2 (7) 
lcJ:oT«Sti«WffliHa*tt*ci^T#*. U>X 
©B*t*l«0)El, fiULtf3. 5mm«±1 5mm 

-15)2 (8) 

■TSfHBBBaE c ie*<h«>. 
E c =Zw c e c (9) 

[0 0 5 8] JU±lCSUfc«t5«i:, 30£>f?{ffigia 
(5) % (6) . (9) <D*g#Q£I&oT&^f¥<Ilia£ 

EC (10) 

[0060] [naseyi (± i 6 OMmof-ftv 

0 9lClJiWll^jFt-o *¥3R*)KB 
£LT, l/>X<&ffiffi«SOfl*. is>xm. U>XIH 

^605t»#U>X(C<t^T3 00ffiBlCiRasn*. 

^nowfffina^Eo <h-r^o c<Di§^{2&®iim-m 

S, 8S, 1 6g(0^fS]T'^>^> e 

[0 0 61] 7=4 -feV^RS^ 1 6 OMm^Wctti 
*S1 (-160/iin) , S2 (+ 1 6 0 um) t~t 

il^(£>f¥«Ha£Eo , Ei % E2 £-T£o tft-ZtHD 

WffliiaE=Eo +E] +E2 +E|_ +Ec 
( WR =1 ; k = 0, 1, 2) Ctl€ft/Ncr«Ca4> 

T«a*s«ica:*. *ti«i*-ca:<isim*>ip]±rs. 

[0 0 6 2] 12 0(i«£*j*JCJ:oT»lK««fflOSWB 
Ba*«/hfl:LT*a6fc3te*/t5>-#lcJ:-3T**-5 
f -a lx>XlCOl\T. «ttt->Sil/-ya XCcfcU 

[0 0 6 3] 
Mi 1 



1/>X 




(ram) 


j?*> raw 

(ram) 




L 1 


S 1 


3S2 


4. 228 


2. 403 


S 2 


-64. 058 


6. 389 


L2 


S3 


-548. 067 


13. 973 


2. 403 


S4 


22 


1 62, 72 2 



(10) 1 1 - 3 1 6 3 3 8 



[0 0 6 4] 



[312] 



m 


1/c 
(mm) 


k 


a i 


a» 


a a 


a. 


si 


-35.361 j -1.234 


-2. 493E-6 


-2.517E-10 


3. 056E-13 


-1. 154E-15 


S4 


-67. 063 { -0. 626 


S. 407E-7 


S.776E-11 


-1.691E-14 


-3. 797S-18 



[0 0 6 5] mmmmtisTT* -t>*mm^ e o um 

OIMT, *«ifiS»fliBBa (point spread function ) 
£W-WL£:l8*-e*£. @2 0T% HE «SK 

1 6g (Mj£) HI «HJBIC«<BA/CH 

CtllS. Rt^f-fii^B1 1 6 0 um(Ccto 

§e$gflflt3l>>Xr r - 



[0 0 6 6] — 12 1 I^SEWfCfc-DT^-f 
SS±1 6 0 Mm«l4Lfc«ttBtK£UfcKdlT 

[0 0 6 7] 
[«3] 



[0 0 6 8] 







(mm) 


(mm) 


mm* 


L 1 


S 1 


S4 


4. 7 5 5 


2. 403 




S2 


-73. 008 


7.211 




L2 


S 3 


-282. 3 1 5 


12. 9 5 1 


2.4 03 




S 4 


&4 


1 6 3. 24 1 










[14] 





m 


1/c 


k 


a a 


az 


a i 


at 


















(mm) 












SI 


-39. 877 


-2. 306 


-4. 698E-8 


3. 492E-10 


-3.413E-13 


-7.573E-16 


S4 


-63. 627 


-0. 242 


1.239E-7 


4.338E-L1 


2. 666E-15 


-4. Q85E-18 



[0 0 6 9] Z(D\s>XT*l*. T4-t>*<D'j±mrf± 2 
0 2nmSt?a<aotl^fl!)T, 1 6 0 umCD^-f -t 
>^B8M^Tt), AHflgOg, 8g, 1 

l^TU*. 02 0©a*atJt»t"*4:. *^^osn 



[0 0 7 0] [H«S^]2 (±16 0/xm(O7^t^l 
^<h± i X(Di«¥SRI ; «1 ) ] 7*-f 
±16 0 /xmlCiP^T, S5 1 U>XC0m 1 ®£>E^¥<1 

[0 0 7 1 ] 
M5] 







(mm) 


rasa 

(mm) 




L 1 


S 1 


86 


4. 788 


2. 403 


S2 


-77. 323 


6. 746 


L2 


S3 


-28 7. 042 


12. 98 1 


2. 403 


S4 


S6 


1 6 3. 6 9 8 



(11) 



ftfflW- 1 1- 3 1 6 3 3 8 



[0 0 7 2] [m 6] 





1/c 
(nm) 


k 


a 3 


a 3 


a« 


a t 


SI 


-40. 189 


0.013 


-2. 338E-7 


-3. 330E-U 


3. 449E-13 


-7.662S-16 


S4 


-62. 100 


-0. 756 


-L 574E-7 


L878E-11 


-7.220E-16 


-5. 573E-1S 



[0073] Si (-160um),S2 (+1 60m 
m) .S3 (- 1 %) % S4 (+ 1 %) <h So ZtiUKlt 
S-D<D*km\Z-Dl\xmmM&E= Eo + Ej + E2 + E 
3 + E 4 + E L +Ec £itSUcn£M/Jv|C^3^gfc(D 

3 our/XT'-* 



[0 0 7 4] [IM3 (±16 0/im^t>^i 
Md:± 1 %(Di$*SSi ;f(D2) ] f-ft>#M 
±16 0 Atmch^^lC^ 1 ]y>X(Dm 1 ®<E>E&^¥SIC 

[0 0 7 5] 
[17] 







(mm) 


(mm) 




L 1 


S 1 


£8 


5.117 


2. 403 


S 2 


-7 3. 8 84 


8. 788 


L2 


S 3 


-282. 989 


12. 8 9 6 


2. 4 03 


S4 


3f8 


16 3. 18 6 



[0 0 7 6] 



[18] 





1/c 


k 


a t 


Ci 


a « 


a » 


* 
















(mm) 












si 


-42. 181 


-0. 004 


-1. 784E-7 


-5.900E-10 


1. 5218-12 


-1. 947E-15 


S4 


-67. 600 


-0. 596 


-5. 942E-8 


-2.302E-1I 


3.6UE-14 


-1.850E-17 



[0077] Si (- 1 6 0 Mnru - 1 %) , S2 ( + 
1 60um % +1%) £ So ZlMfLfz 3-D<DVt&AZZ)[,\ 
TSiaSE=E 0 +Ei + E 2 + E L + E C $ltSL 

¥S^*(i±0. 6 4 5 %££:^*:<, So OttffiOTM 



[0 0 7 8] [HSg#j4 (±0. 2mm<Dls>Xm&, 

[0 0 7 9] 
[319] 







(mm) 


(V3H8 

(ram) 




L 1 


S 1 


*1 0 


4. 3 3 1 


2. 403 


S 2 


-8 3. 2 7 7 


4. 868 


L2 


S3 


-3 13. 9 19 


13. 17 3 


2.403 


S4 


310 


1 64. 5 9 1 



[0 0 8 0] 



[Sii o] 



(12) *5§3¥l 1- 3 1 6 3 3 8 





l/c 


k 


a, 


a j 


a« 


a » 
















(mm) 












Si 


-37. 641 


-0. 075 


-5. 120S-7 


4.102E-10 


-1.307E-2S 


-5. 366E-16 


S4 


-56. 159 


-0. 489 


-4. 947E-9 


i. 2L7E-10 


-2. 974E-14 


1.304E-18 



[0 0 81] gM4^ttglJ6t)3o-5o 311 U>X 
(0»*IC9^T±0. 2mm(DBiSft§l / fcttS#S 

■LPS 3 . S4 T'£>£ 0 ^ 2 \s>XMfr\Z± 0 . 2 mm 
©M*4Afc*BtfS5 . S6 fit, 
f¥fffig|&E=Eo +E1 + E2 + E3 + E4 + E5 + E 
6 + E |_ +Ec *«/JMC-r^<fc5«:K»Oll**«)^:. 

*, GSPS<Dl>a#±0. 0 8mmt*ofcft 6 OODlg 



it. m&Wim<D2tmW±0. 2 3 mmlCif^LTto 

[0 0 8 2] [Hffigy5 (±0. 0 2«)Stlr¥81) ] 
IR 1 l/>X. S2 U>X£t>lCZ n S e <0#ttftS!£>« 
*4£{£?„ mtfmit2. 4 0 3 it-5^I*T*-5 

cniz^uT±o. 0 2 0fl*fraaett«isfctt 

[0 0 8 3] 
[811] 







(mm) 


ff*, HPS 

(mm) 




L 1 


S 1 


311 2 


4.611 


2. 403 


S 2 


-6 1. 9 50 


7.773 


L 2 


S 3 


-4 5 8. 3 1 1 


13. 7 7 1 


2. 403 


S 4 


3U 2 


16 1. 3 54 



[0 0 8 4] 



[8 12] 



m 


1 /C 


k 


a, 


a a 


a * 


a b 


* 
















(mm) 












si 


-37. 381 


-0. 080 


4. 417E-7 


3, 431E-10 


8. 272E-15 


7. 625E-17 


S4 


-71.995 


-1.055 


8. 115E-8 


3. 323E-12 


-7.892E-15 


3. 582E-19 



[0 0 8 5] so anfr*Hio&i«aTt«. si 
u->xoe#t^ic+ o. 0 2©BS**-5ttB, 

S2 (IBM L/>XOH«T*(C-0. 0 2(DBi**4tt 
fig, S3 («R2 1/>X<DS#T^IC + 0. 0 2OBi^ 
A/tttBL S4 tt*2 U>X(DStff*lC-0. 02CO^ 

£Ej (j=0, 4) i^-^o 8E$WflHftE»E 
0 +Ei +E2 + E3+E4 + E|_ +Ec t«/Mcr« 

^^&lC*tUTS#r^a(i± 0 . 0 0 7 8 2 Tfc* 

li±0. 0 1 1 STifco*:, ttSWBinLT^*. 



[0 0 8 6] (±0. 2 mm<D[s>Xm&ffl 

mmmt±i o^t^^kbs) ] nmm4<D\s>x 

J»*. IBHiClinAT. .UVXO^-f JUhH»tUT± 1 
0#£Mi*U7tt>CD£^;t£o SI«B«4T(il/>XB 

f£3R;£0D±1 0. 7#fC»U H*6ffi|4T±3. 8#(C& 

[0 0 8 7] 
[813] 



(13) 



&m¥~ 1 1 - 3 1 6 3 3 8 







(mm) 


(mm) 




L 1 


S 1 


151 4 


4.459 


2. 403 


S2 


-7 1. 7 5 1 


6. 24 9 


L 2 


S3 


-3 14. 932 


13. 18 9 


2. 403 


S4 


3U 4 


1 63. 4 3 9 



[0 0 8 8] 



[814] 



m 


1/c 
(mm) 


k 


a t 


a 3 


a < 


a» 


si 


-37. 873 


0.064 


2. 449S-7 


2. 461E-L0 


7. 303E-13 


-8. 252E-16 


S4 


-61.758 


-0.514 


8. 815S-8 


4.215E-11 


2. 604E-15 


-8. 652E-18 



[0089] st ~S6 \<tnnm4 £mcT*&z>o s 

1 . S 2 (iSS 1 U>X<DJl^lCOtNT±0. 2mmOl 
m*ft^L/s:tt^ S 3 , S4 (4U>XH|»f;:±0. 2 
mmOi^4^.^T^So S5 % S6(iS52U> 
XH^lC±0. 2mmOSi^^c«^-5. S7 

T-«£. Sg ttSR 1 U>XIC-1 OftOT-f^HI** 
Bt^UfcttJET**. Sg te£!2 U>Xlc+ 1 O^r 
*;bhBI»**M.fcttBk siott*2 u>X(c- i o» 



+ Ei + + Eg +E 10 +E L + E C £2f*£o 7^ 

;UhP>M$:ffi-^UTt\^:CNS{i§iaE = Eo + E 1 + ••• 
-+E6 +E L +Ec ©*lt«4©*Id?-f;Uh4i»tt 

±3. 8»T*^fe. c:T'T>f;bhli±i OMijD 
idtAT^a^TBJtsaTft-s. u>xi*. u>x 

Pb1PB<D£^I2±0. 2 5 mmfZ/^/to 

[0 0 9 0] [HJg#]7 (±5^l7ya§)]J 
2 U>X<D9x*y vKS£UT±5tt£IS:Sl,;to 

[0 0 91] 

[815] 







(ram) 


ff*, WPS 

(mm) 




L 1 


S 1 


*1 6 


3. 500 


2. 403 


S 2 


-4 9. 16 5 


8. 44 4 


L2 


S3 




9.976 


2.4 03 


S4 


$16 


1 5 7. 7 0 1 



[0 0 9 2] 



[816] 



as 


1/c 
(mm) 


k 


a « 


CTa 


or« 


at 


SI 


-31.575 


-0. 257 


I.359E-6 


7. 887E-20 


-2. 193E-13 


3. 206E-16 


S4 


-79. 449 


-1.711 


6. 460E-7 


-1.534E-10 


1. 126E-14 


3. 109E-19 



[0 0 9 3] S| B + 5#©!5lyy|HltI4l/fctt 

1. 9»-Cftofc. E = Eo +Ei +E2 +El + Ec 
$t'M:t5iti:J:7T^x^-/iiidt±2. 7 4Nc 

[0094] [mmm s (BSf*^*©^^— «) ] u 



>X«— S©JESf**»0«tiR3EUTltllLT*fc. S 
»T^(*©ffi6#fl=-3t\TiailJfi«<l5T±0. 0 20^ 

[0 0 9 5] 
[SI 7] 



(14) 



1 1 - 3 1 6 3 3 8 



1/>X 




(mm) 


(mm) 




L 1 


S 1 


SI 8 


3. 500 


2. 403 


S 2 


-5 1. 4 09 


6. 8 1 7 


L2 


S 3 




10. 2 5 1 


2. 4 03 


S4 


SI 8 


1 5 7. 6 2 9 



[0 0 9 6] 



[818] 



* 


1/C 

(mm) 


k 


a> 




a 4 


a s 


SI 


-31. 225 


-0.217 


1.870E-6 


1. 242E-9 


-1.490E-13 


3. 946E-16 


S4 


-73. 378 


-2. 088 


6. 580E-7 


-1. 582E-10 


2. 090E-15 


i. 325E-18 



[0 0 9 7] B2 \s>X\Z^g<Dj$.-em$l'£tlZ>&OtZ 

n = no + A r2 + B r4 ( r = 

no = 2. 4 0 3 

So I4A=0. B = 0(OJffit/r*l^— 1*88T*S (n = n 
0 ) o Si IJA = +5X1 0 ~7\ B=-4X1O-10<7) 
JB#T*^— (DttffiT**. $2 liA = -5X1 0"7 4 
B = +4 X 1 O-10 OJB«$^-Ottfir*5. So 
«l*©W«B»Eo ^«/JWbU/tt>OTttH»r*^- 
(inhomogenei ty ) <OQ:&tfi± 0 . 0 0 0 0 19 3 T£> 

■ofzo *mn\z'&^T. a^RflSHaE = Eo + ei + 

E 2 + E l +Ec *«/MbOT«tt*«*fl:Ufct)fl!) 
14, B#f*^«g— tt^»l4± 0. 0 0 0 0 2 6 7 fZ&# 
S*lft. tt4«i«#ii*Ufc*lca:*. 

[0099] [Hjgffli9 (#«bu>>0 ] 

**/t^>-*lcHS*B^LTW«Btt*SSU -t 

n**/Mb-r*<fc5«i:ff»**»**-c, f-t?ix>x 

[0 10 0] (A) WWIx>X»So 
L/>X«taitt ttlZnSe (JB#f* n = 2 . 4 0 
3) 

SS 1 ffil4db®0#M*®. f?2MI4IH]®COi*Mo 



1 o. 
6 5 o . 
om 



6 m m 
8mm 
(MAM©*) 



[0 0 9 8] 

( X 2 + y 2 ) 1/2 ) (12) 

lx>X(4, ZnSeST^z^^tt^U BIB 
J&*#JSBT**. AW*(4»fil 0. 6/im(DtMT' 

[0101] (B) ^a^S 
SfK S2I(DA$m ^MB (k. ay . a 
2 . a3 . a 4 ) . Mfil^^i:t^c 

[0 10 2] (C) ftXftft 
BjfiEB 9 5. 2 5mm 
is>XW2h 3mmJU±1 2 mm JUT 
IMSOHi (Fringes Irregularity) ^tFpIMIC-T^o 
Ctlf4affllttB^60XlxT*S, KfiO. 6 3 3 um 
(DHe-Ne !f £S*»S£ UTiSS&^itfcffl 

BTSto BietfBi 5lc^fcteKCxtt^|Sj«hytt^r 

CT'l/>XO»tz»il/, z«blc£ii;S:ffirtlcx«u 

l^DTl^. Ctf)<h£. T2M*(4Bl 6(OJ:plc/<j: 

"To 
[0 1 0 3] 
[819] 



&3fc0$2<3L/:/X7'-* 







(mm) 


m*> MM 

(mm) 




L 1 


S 1 


*20 


5.518 


2. 403 


S2 


1 84. 5 6 5 


9 1. 3 5 9 



[0 1 0 4] 



«2 0] 



(15) 



£S§3¥ 1 1 - 3 1 6 3 3 8 



m 


l/c 
(mm) 


k 


a s 




a* 


a » 


si 


78. 854 


-0. 637 


9. S92E-8 


2. 658E-11 


-5. 080B-14 


4. 251S-17 



[0105] mmmmmz^tei^zmsQ 

^^«BiSE = Eo + E C ^^/JMCt-^^S<OJI 
#12) Tii. Igg^f«± 2. 9 72|s:T^^rco 
[0 1 0 6] *S8W<DS£lCS£o-C\ ± 5 *<DII:*:£fc# 



1 . S2 CltlStBfMIBBSEi . E2 ^AQ*. 

fc&tcq fffffiUS E = E o + Ej +E2 + E C €S/MC*T 

[0 10 7] 

[i2i] 



[0 1 0 8] 









(mm) 


(mm) 








L i 


S i 




5. 


5 1 9 


2 


. 403 








S2 


1 5 7. 5 62 


9 1 


. 092 








[^2 2] 




® 


1/c 
(mm) 


k 


or 8 


a. 


a 4 


a a 


SI 


73. 777 


-0. 692 


L. 584E-7 


-9.697E-11 


3. 263E-13 


-2.681E- 


16 



[0 110] 

t+fcttsi s 1 . S2 - ^^AcneosiffiHaEi . e 

ffiM&Eo +E1 +E 2 M**B;t«ca«6. 
cn£g'JWC-r-5^&£&-f <fce>lc$:-r>TO-5„ 

[0 2] ¥®&#U>X(CJ;oTJ*E&lC^&£n/5:ig 

[0 3] S*a©;fi®fl>t><DH^©>£®(a&lNial\#';£® 
iKMT'*^ C <!: 0. 

[gi4] 5ie^^^a©iii»<!:bTi4ggA^»i-r-i.^a 

^{btfMa^ig^Tfcttflgfl;;^;*:^^. ^St£ 
50. 

[0 5] A^^rottgEZ)iSji^<i:<!:t>(CM'>-rSd<14 
[0 6] SEfc&IC&oT, %*£:Oi¥1IBSt E 0 



£!»B.8-r-50, 
[0 7] *ieW0?.i[«!|ca£^TU<^)^0D/t^>-^|C 

\zj^ * &m/vfii®-&iz-&mt><[zw y . »ji§^ic 

[0 8] PM*H^U^Ottgg©3ffiMiBtEo ££'MC 

-r -s c <t ic«fc o xtft^/t^ * £ 3Ra6-5t* mi (D^-m 

[0 9] ±(5<£^^>*iiM£lt^b/t#/Si<DfFfIBI 
»Ei . E 2 €. ^€^A^:l^gg<7)i¥<iii»Eo IC 

sp^^St^ffliiiasrft y cn^g/Mb-r -a - <t ic«t o 

[01 0] pj££^*/SOtt!Slrol¥ffill3K£&'MbLT 

[011] ^i££^*;ttt<l©i¥<lll&£gim<D£:t\tt 
SlOpffiiia<!:$SPx./c8!^WfliliS!t«rS'MbL,T/'?7 

^WoT=t>iRm<Dli»aii{i^T'3oy. i^M*i£< 
Ci«Sftl«t^77. ««iliKjglSiMT&yS£;3f;£ 

T $> -S # C tl littfit-US iCjtO 5 HX£ £ tH b ttgSili» Ki* 



(16) 



1 1 - 3 1 6 3 3 8 



[0 1 2] K«*B%Lfctt«ICOl\TOWffl5«a*ffl 

[@i3] 2tt(ou>x<Dtt^-rnfcttffi**-rH. c 

[0 14] ( 1 ) (i 2tt(DL/>X<0 5*6— *OU>X3t 

mm^rz^m^Tfkf @ e f^i/hPJT*^^o (2) 

(i u >X<DB^^hj— Tft < TflSUcKfl: Utt^ttffi 

[@15] ->u>Ku*;i/^:Mcom^^-r^57o mm 

liSSOL^XftHS^U W«#jtl»(OU>XttH«: 

[si 6] 01 5<Ocfc5ftx^fpj(cttffi<o"rn*t)^u 

>XCDHe-N e U-1f (*&RA = 0. 6 3 3 urn) IC 

[0i7] sBiB^diiffi ($mm , S2®^ihi® (i* 



[018] f -0 U>XlCfcL\TOg. 8g, 1 6gOD 
AWflST U >XIC A3* L/fcft*««ffi± icfnfnss 

[019] f - e \s>x<Dnfew\zi£^TAmmftiz'\ 
[020] &m£\zurz&z>Tmmz^xi3i^vtmso 

^A^>-*IC<fcoT;*£2tl£ f - 6 U>X(C 1 6 0 

g^ffi^^^lCct ^ T^f 0o 
[02 1 ] «eWlCUfcj&*oT. 7W-fe>*MIS£^L 

C i IC <£ o T3£# 6tl)tft^7 > IC J: ^> T;* 
S£tl3 f - a U>XIC 1 6 0^m(Df'ft>^ii$: 
JjQ;t/ci§^lC. 0" % 8* . 1 6* (D&A&fftglCOO 



[0 i ] 

U > * & ft 



}- 



[0 2] 



os ft < * a > 



1 »3fc»fflOi«fiD 




ifi 90 





(17) 



*#§3¥ 11 - 316 3 3 8 




[0 9] 





(18) 



1 1 - 3 1 6 3 3 8 



1 1 ] 



1 2] 



Ii14] 



* ft 91 





2> 








-r 


/ 
















H « ^ £ 





11 5] 



( 1 ) 


i 




























gjggg s 



( i ) 



E = £ W k Ei, 

k 



I 




\ li^ttB s k 



E * ft Jb ft 



s © w a 

H£o*v>tt© So Kin* 



0^ 




(19) 



ttfflW- 1 1 - 3 1 6 3 3 8 




